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\‘with a deeper (approximately 100-ft-deep) water-filled cavity system. Results
- of field studies at the Medford Cave site are presented in this report:

. (a) the site geology, (b) the site topographic survey, (c) the site drilling
b program (boreholes for geophysical tests, for determination of a detailed

L geological cross section, and for verification of geophysical anomalies),

: (d) details of magnetic and microgravimetric surveys, and (e) correlation

. of geophysical results with known site geology..
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e - Although some correlation was observed at the Medford Cave site between
magnetic anomalies and other geophysical anomalies and with geological condi-
tions revealed by drilling, the magnetic survey 'in general did not yield re-

e sults which were of value in defining this site. The microgravimetric survey,
B however, was extremely successful. The known cavity system was delineated as

y to locations and trends of cavities by the gravity anomaly maps. Six selected
! negative gravity anomaly features, in areas of the site with previously unknown
.o subsurface conditions, were drilled for verification purposes, and all borings

intercepted air- or clay-filled cavities or clay- or sand-filled pockets in the
top of the limestone. Of 11-borings in positive gravity anomaly areas, only
three intercepted cavities. The cavity system was adequately detected and de-
lineated using a 20-ft station spacing. A station spacing of 10 ft allowed
detection of smaller scale cavities and other solution features in the top of
the limestone.

Using simple assumed models for the cavities, computed depths to tops of
cavities agree to better than 25 percent, thicknesses to better than 40 per-
cent, and areal extent of cavities to better than 15 percent of known cavity
dimensions. These percentages are completely model-dependent and in no way
reflect the accuracy of the survey or the microgravimetric technique.

"-Qual1tat1ve interpretation guidelines using complementary geophysical
techniques for site investigations in karst regions are presented. Including
the results of electrical resistivity surveys conducted at the Medford Cave
site, the qualitative guidelines are applied to four profile lines, and dril-
ling locations are indicated on the profile plots of gravity, magnetic, and
electrical resistivity data. Borehole logs are then presented for compatlson
with the predictions of the qualitative interpretation guidelines. -
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This investigation was performed by personnel of the Earthquake

Engineering and Geophysics Division (EEGD), Geotechnical Laboratory (GL),
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U. S. Army Engineer Waterways Experiment Station (WES), for the Office,
Chief of Engineers (OCE), U. S. Army, during the period May 1979 to
November 1980. The investigation was part of CWIS Work Unit No. 31150,
"Remote Delineation of Cavities and Discontinuities.”

This report was prepared by Mr. Dwain K. Butler, EEGD. The field

work described in this report was performed by Messrs. Butler, Joseph R.

Curro, Jr., and Rodney N. Walters, EEGD, and was closely coordinated

with other studies at this site conducted under this same work unit,

work carried out under an In-House Laboratory Independent Research N
(ILIR) Project, "Microgravimetric Techniques for Geotechnical Applica- 12155
tion," and the Project 4A161102AT22, Work Unit 002/Q6, "Analytical and ;ﬁi;;

Data Processing Techniques for Interpretation of Geophysical Properties."
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Assistance with field programs at the Medford Cave site was pro-

vided by Messrs. J. D. Gammage, William Stelz, Bill Wisner, and
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Dr. Robert Ho of the Florida Department of Transportation, Gainesville, Ejif
Fla. Assistance of personnel of Southwest Research Institute, San
Antonio, Tex., in obtaining cavity and site maps, supplying information
about their previous work at the site, and other assistance throughout

this investigation is gratefully acknowledged. Mr. William D. Reves, g;j‘~-
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Ocala, Fla., served as geological consultant for the work, assisted in
core logging, and prepared Appendix A of this report.
Special acknowledgement is given to Professor Robert Neumann and

the Compagnie Generale de Geophysique (CGG), Massy, France. Profes-

" sor Neumann provided encouragement and assistance throughout the program.
Q In July 1979, Mr. Butler visited Professor Neumann with data from the
; microgravity survey at the Medford site. Professor Neumann, Mr. Jacques

Regnaudin, and other colleagues at CGG assisted in the data processing

and preparation of anomaly maps and documented their contributions in a
letter report under Contract Agreement DAJA 37-79-M-0027.
A Sharpe Magnetometer, Model MF1-100, was obtained on loan from
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ﬁhe Department of Geophysics, Texas A&M University, for use during this
work. Also, a LaCoste and Romberg Gravimeter, Model D4, was loaned to
WES by the U. S. Army Engineer District, Seattle.

The work was performed under the direct supervision of Dr. A. G.
Franklin, Chief, EEGD, and the general supervision of Dr. W. F.
Marcuson III, Chief, GL. Mr. Paul Fisher was the OCE Point of Contact
for the CWIS work, and Mr. Curro was the WES Principal Investigator for
the Work Unit.

Commanders and Directors of WES during the performance of this
work and publication of this report were COL Nelson P. Conover, CE, and

COL Tilford C. Creel, CE. Mr. Fred R. Brown was Technical Director.
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI)
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U. S. customary units of measurement used in this report may be

converted to metric (SI) units as follows:

Multiply By To Obtain

acres 4046.873 square metres
feet 0.3048 metres
feet per mile 0.18939 metres per kilometre
inches 2.54 centimetres
miles (U. S. statute) 1.609347 kilometres
pounds (mass) per 16.01846 kilograms per cubic

cubic foot - metre
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CAVITY DETECTION AND DELINEATION RESEARCH

MICROGRAVIMETRIC AND MAGNETIC SURVEYS:
MEDFORD CAVE SITE, FLORIDA

PART I: INTRODUCTION

Background

1. In 1974, a research program, funded by the Office, Chief of
Engineers (OCE), U. S. Army, was initiated at the U. S. Army Engineer

Waterways Experiment Station (WES) with the objectives of assessing
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c.

the state of the art in geophysical cavity detection and delineation
methodology and developing new methods and improving or adapting old
methods for application to cavity detection and delineation. Briefly,

the primary phases of the research effort are listed below:

In 1976, a controlled test facility was constructed at WES,
and a number of artificial (man-made) cavities were made
available for testing and evaluating geophysical survey
methods. Results of geophysical tests conducted at the
facility and details of the facility itself are reported
by Butler and Murphy (1980).

The Symposium of Detection of Subsurface Cavities was held
at WES in July 1977 (Butler 1977). The Symposium reviewed
the state of the art and attempted to define the scope of
the problems faced by Corps of Engineers Districts and
Divisions at major construction projects in areas with
subsurface cavities, primarily areas with solution sus-
ceptible bedrock.

Early in 1979, two natural field sites in karstic regions,
for which cave maps were available, were selected for
testing and evaluating geophysical methods. The first
site, Medford Cave, in Marion County, Fla., has a rela-
tively shallow (approximately 10 to 50 ft or 3 to 15 m)¥*

* In many instances, metric units follow the English units parentheti-
cally and dual axis units are included in graphs. By convention, the
gamma (y) is used as the unit of magnetic field strength, and the
HGal is used as the unit of gravitational acceleration in microgravi-
metric surveying; these units are defined in the text. Also, the unit

grams per cubic centimetre for density is used throughout the report.

A table of factors for converting U. S. customary units of measure-
ment to metric (SI) units is presented on page 4.

5
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§w air-filled cavity system. The second site, Manatee
o Springs, in Levy County, Fla., has a somewhat deeper (ap-
< proximately 100 ft or 30 m) water-filled cavity system.
{ In addition to the known and mapped cavity systems, both o
s sites have additional cavities and other solution features L
3 common to karst regions. R
:ﬁ 2. This report documents results and presents conclusions derived :ffju
;: from analyses of microgravity and magnetic survey data obtained at the ::i.“
Medford Cave site. In addition to the microgravimetric and magnetic ‘
k surveys, numerous additional geophysical methods have been applied at v
2 the site, including the following: 5
S} a. Seismic methods.
s (1) Standard surface seismic refraction.
jﬁ (2) Surface shear wave refraction.
5 (3) Constant spacing refracted wave form (Curro, Cooper,
o and Ballard 1980).
&: (4) Surface seismic reflection.
QJ (5) Crosshole seismic method (Ballard 1976 and Butler,
Ty Skogland, and Landers 1978).
L
o (6) Uphole seismic refraction (Franklin 1980).
o (7) Fan "shooting" (circular arc geometry).
- b. Electrical resistivity.
?é (1) Horizontal profiling (Wenner array) to produce site
> resistivity countour map.
f (2) Vertical sounding (Wenner array).
(3) Pole-dipole survey (Bristow-Bates method; Bates 1973
N and Butler and Murphy 1980).
é:: c. Acoustic reasonance (subsurface source) (Cooper and
- Bieganousky 1978, and Curro, Cooper, and Ballard 1980).
;f d. Electromagnetic methods (radar). -
(1) Surface radar horizontal reflection profiling —
(approximately 100 MHz). K
(2) Crosshole radar vertical profiling. f
e. Borehole geophysical logging. ,g~::
. (1) Caliper. o ]
e (2) Natural gamma. G
S
-
= ¢




i e e A A T R R R A 'j’

b
(3) Gamma-gamma.
(4) Neutron. ;
Results of these additional geophysical surveys will be presented in F
. 4
subsequent reports in this series. R
Purpose ';f;

3. The purposes of this investigation were to (a) determine A
whether surface microgravity and magnetic surveys would indentify &33

anomaly patterns consistent with known cavity geometry, (b) investigate

the use of the methods to detect previously unknown cavity or other solu-
tion features at the site, and (c) determine size and depth detectabil-
ity of solution features and ability of the methods to resolve closely
spaced features. .

4. While this report covers specifically the field procedures and
results of the microgravimetric and magnetic surveys at the Medford site,
reference to the results of other surveys at the site will be made,
where appropriate, without detailed discussion of the field procedures
or results of the other surveys, leaving detailed discussions to subse-

quent reports.

Scope

5. Part II of this report discusses the Medford Cave site, in-

cluding area geology, site geology, the known cave system, and the site

drilling program. Part III describes the magnetic survey and results,

and Part IV describes the microgravimetric survey and results. Correla- if'*
. . et
tions of the microgravimetric and magnetic results with each other and .
RN
with known geology and the results of the site drilling program are pre- Qﬁjq
sented in Part V. Part VI contains the summary and conclusions. f;ﬁi
SO

o
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PART II: THE MEDFORD CAVE SITE

Location

6. Medford Cave (or Medford's Cave) is located in Marion County,
Fla., about 1 mile south of Reddick. The location of Medford Cave as
well as the Manatee Springs test site is shown in Figure 1. A portion
of the U. S. Geological Survey Reddick Quadrangle (1968) is shown in
Figure 2, with the approximate site location indicated. Figure 3 is an
aerial photograph of the Medford Cave site (circa 1974); the main en-
trance to the cave system is hidden in the cluster of trees in the

center of the photograph.

History of Site Use

7. The Medford Cave is located on land formerly part of the Med-
ford Plantation. Apparently, the cave system has been known at least
since the time the plantation was in operation, and stories are told of
people being lost in the cave and of people entering and then emerging
at sinkholes 1 and 2 miles away. A steel ladder was installed in the
primary entrance (Figure 4) reportedly in the 1940's, and the cave
has been a popular excursion site for people in the vicinity and for
speleological groups. The land around the site has been used for both
vegetable farming and livestock grazing.

8. Scientific use of the site began in the early 1970's when the
Southwest Research Institute (SwRI), San Antonio, Tex., with the assis-
tance of the Florida Department of Transportation, Gainesville, selected
the site for evaluation of three geophysical methods for cavity/tunnel
detection (Fountain, Herzig, and Owen 1975). In addition to mapping the
cavity system, the investigators conducted a standard gravity survey, a
surface ground-penetrating "radar" survey (electromagnetic survey), and
resistivity surveys. All of the methods were only moderately successful
at the site, with the results of the pole-dipole resistivity surveys

considered the most definitive. The radar method was apparently limited
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Figure 2.
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Aerial photograph of Medford Cave site
11

Figure 3.
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to detection depths shallower than about 15 ft (4.5 m). The gravity =
survey results did not correlate very well with the known cavity system,
indicating anomalies which were close but not directly over the largest { .
of the cavity rooms. Only three verification borings were placed at the Eifj

site, with each boring in an area where at least two of the methods in-

dicated anomalies. However, all three borings encountered only solid .
material to depths of 32 to 52 ft (9.8 to 15.8 m). )
9. WES personnel visited the site in early 1979 on a tour of

several candidate sites for use in the cavity detection and delineation

ol research program. Several factors contributed to the selection of the R
“ Medford Cave as the first of two test sites planned under the program: r‘d
A cavity system almost entirely air-filled. '%u}
Easy site access.

Gently sloping topography.

Wide range of cavity sizes. f5

I i in o i

Known portion of cavity system shallow, but with a good
range of cavity depths.

i

Cavity system presumably well-mapped.

g- Available results of previous geophysical tests at the
site.

The Florida Department of Transportation agreed to obtain site use

approval and to assist in the test program, which began in May 1979.
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Geology

L

Eiff Area geology
be 10. The Medford Cave site is situated near the east-central flank
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of the Ocala Uplift, a northwest-southeast trending "anticlinal struc-
ture" (Faulkner 1970). Although the Ocala Uplift is apparently bounded
;ia by faults, the area is considered tectonically stable. The primary

ti‘i active geological process affecting the area is solutioning of lime- (]

stones and dolomites to produce karst topography with little surface

drainage, development of subsurface cavities, sinkhole formation, etc.

P Local relief in the area is about 110 ft (34 m) and consists of gently

13 o
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rolling hills and valleys. Generally the hills are capped by only a few k'isé
feet of sands and clays over limestone. The shallow depth to top of :'Ciﬁ
limestone has resulted in many limestone quarries in the area. Exten- ;i;;i
sive cave systems with attendant sinkhole formation are commonly asso- :ilj}
ciated with the hills and higher limestone elevations. The general geol- Zif}i
ogy of the area and of the Medford Cave site in particular is covered :fffﬁ
in Appendix A. ii“‘l
Site geology R
11. The general sequence of materials at the Medford Cave site is :: fi

sand (with silt, clay, and organic material), clay (may or may not be -Q?il
present at a given location), and limestone. Typically, the sand ranges =i~¢4
from nearly 0 to about 4 ft in thickness. The clay (residual) occurs ..£‘3
primarly in pockets in the limestone surface. Figure 5 shows a cut at a ;:L?g
e

>

.

.

]

IR Ak}
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Figure 5. Vertical cut showing limestone pinnacles and
clay pockets in quarry near the Medford Cave site

T
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'—’5 nearby limestone quarry (located approximately 1 mile east of the site)

F? showing a pinnacled limestone surface with clay filling the pockets -

:42 between the pinnacles; the top of the limestone at the Medford Cave site ;?*3
ﬂEE is similarly pinnacled (shown in the next section). Two limestone ]
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formations are encountered at the site. The basal limestone member of
the Hawthorne Formation (Miocene) is a hard, molluscan limestone (about
3.5 ft thick) which partially "caps" the hill under which the Medford
Cave system is developed. The Crystal River Formation (formerly known
as the Ocala Limestone) of the Ocala Group of limestones (Eocene), which
unconformably underlies the Hawthorne Formation, is a soft to very soft,
friable limestone. (In many instances, the Crystal River Limestone is
composed almost entirely of test of foraminifera and could be classed

as a microcoquina.) The known portions of the Medford Cave system are

developed in the Crystal River Formation.

The Medford Cave System

12. Figure 6 is the map of the Medford Cave system produced
through the joint efforts of SwRI and the Florida Department of Trans-
portation. Note the two portions of the cavity sytem; while connection
between the two portions is suggested, no direct connection has been
confirmed. Access to various parts of the system is by openings in the
bottom or sides of three of the four sinks at the site, such as the Pri-
mary Entrance shown in Figure 4. Depths to top of the cave system range
from 10 ft (3 m) to as much as 50 ft (15 m). Segments of the cavity
system vary in size up to a mean cross-section diameter of about 20 ft
(6 m). Two of the larger rooms of the system have unobstructed lengths
of 50 ft (15 m) or greater. The cavity system is air-filled with the
top of the water table about 66 ft (20 m) deeper than the deepest mapped
cave level.

13. There are two major trends to the main part of the cavity
system: N45°W and N70°E. A third trend, N45°E, is defined by a line

passing through three of the sinks.* The first trend above is approxi-

mately parallel to the axis of the Ocala Uplift. The second trend is

Ty

roughly the same as a mapped fracture (joint) trend through the Big Room.

e

y

-

- * A small sink located about 100 ft (30 m) to the southwest of the
o Secondary Entrance is not shown in Figure 6a.
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These observations are consistent with the general observation that
cavity systems in Florida tend to develop along fracture (joint) trends
(Faulkner 1970).

14. The Medford Cave system is young and ha; no cave formation,
although some limestone surfaces have a very thin calcite coating.
There are petromorphs in the form of chert protrusions from the cave
walls, and there are large breakdowns or roof falls. Figures 7 and 8

show the Entrance Room and the Big Room and some of the breakdowns.

Figure 7. Entrance Room, Medford Cave

Figure 8. Big Room, Medford Cave
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Site Grid System and Topographic Survey

— e o]

15. In planning the site grid system, use was made of a surface _‘. y
benchmark established by the SwRI in their work at the site and also of j?jfﬁg
the center of the top rung of the steel ladder in the Primary Entrance. iﬁ'ii?
These references allow the present grid sysiem to "tie-in” to the sub- :fﬁ%lﬁ
surface map in Figure 6. Also, it will be possible to correlate survey biir—d

results with the results of SwRI work at the site if desired. _
16. The basic grid system established consisted of N-S and E-W T 3i;f
lines with survey reference markers every 20 ft (6.1 m). Over a sub- A
stantial portion of the site, intermediate positions were also lccated
(i.e., every 10 ft or 3 m). At every survey position a 2- by 2- by
12-in. wooden stake was driven flush with the ground surface, and every
20 ft an offset reference survey stake was placed and labeled with north
and west coordinate locations. Station (0,0) is the southeastern corner

of the survey grid, and station (260,260) is the northwestern corner,

where the first number is the north coordinate and the second number is
the west coordinate in feet relative to point (0,0). The survey area is
6.76 x 10°

relative to the cavity system. The four easternmost N-S survey lines as

ft2 (6280 m2)_or 1.55 acres. Figure 9 shows the survey grid

well as the northernmost E-W survey line were set with transit and tape
with great care. The remainder of the grid was established with tapes

and chaining pins in the usual manner.

17. Station (0,0) was assigned a reference elevation of 150 ft.

The relative elevation of the top of each of the 2- by 2-in. stakes was

determined to 0.01 ft (3 mm) by a level survey. Closure error for the ‘k;_»;i
entire survey was 0.04 ft. Figure 10 is the resulting topographic map - @
for the site, with a contour interval of 1 ft. Although contours are

drawn within the Entrance Sink and Dump Sink, the actual elevations are

not well defined in the sinks. The topography approximates an inclined

plane dipping from NW to SE. The grid layout and topographic survey

required about three days for a two-man crew.
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Drilling Program R

(| Drilling phases o

18. Drilling at the site was accomplished in three phases and for

different objectives. The initial phase of drilling consisted of bor-

{é ings C1 through C9 and L1 through L3, and the primary objective of this
) phase was to obtain boreholes for subsurface geophysical survey methods;
a secondary objective was geologic information. The second phase of
drilling consisted of borings El1 through E16 and the objective was to iiiﬁi
obtain a detailed geologic cross section along a N-S line at the site. {Jég
Borings E1 through E16 were typically 15 to 32 ft (4.5 to 10 m) in depth ji““‘
and spaced every 10 ft (3 m) along the 80 W line. Borings E17 through
E25, the third phase, were verification borings placed to investigate

geophysical anomalies. Figure 11 shows the locations of all the borings.

. - ‘e
LT S R TY

Results ;‘ :

19. All borings except C4, C7, and C8 were cored and logged in o
detail. The core logs are presented in Appendix B. At boring C7, soil
samples were obtained and Figure 12 presents the results of density and
water content tests on those samples. Figure 13 presents the air-dried

densities of limestone samples from boring C6. Note that in the 30- to

40-ft (9 to 12 m) depth range, either cavities or soft zones were en-
countered in borings C6 through C9. Ll

20. Specific boring logs from the verification phase of drilling P
are presented and discussed in connection with the results of the geo- '
physical surveys. Results of the second phase of drilling (E1 through

E16) were used to prepare the detailed geologic cross section shown in

Figure 14. Note the limestone pinnacles and clay pockets in the north-

ern portion of the section, similar to those shown in Figure 5. Zones

of chert, commonly with large limestone-filled porosity, as much as

1.5 ft thick were encountered in several borings, and the chert commonly

ki AR AP
. 1t
N .

T &

occurs just above a cavity or zone with little or no core recovery.
Five definite tool drops occurred along the section, the largest being

about 3 ft, although numerous zones were encountered where the rock was

22
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very soft and little or no core was recovered.

zones may have been clay-filled cavities.

Some of these very soft
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PART III: MAGNETIC SURVEY

Basic Principles

21. Magnetic surveying is a potential field method* in which com-
ponents of the earth's magnetic field are measured. The presence of
magnetic materials in the subsurface perturb or produce anomalies in the
measured field. For cavity detection and delineation, the primary appli-
cation is hypothesized to be for clay-filled sinks or clay pockets and
for clay-filled cavities, because clays typically have a higher magnetic
susceptibility than the host carbonate rocks (McDowell 1975, Burton and
Maton 1975). The presence of an air-filled cavity in limestone would
itself produce an immeasurable small anomaly. Of course, the presence
of ferrous metal objects will produce large magnetic anomalies and their
presence at a site may interfere with successfully carrying out a mag-
netic survey.

22. It is beyond the scope of this report to present an extensive
review of the magnetic method (see Telford et al. 1976), and since the
application discussed here is entirely qualitative, such a review is
unnecessary. The units used in magnetic surveying are the gamma (Y),
where 1 y = 10-5 oersteds . For reference, the strength of the earth's
main dipolar field is about 0.5 oersteds or 50,000 y. Since clays gen-
erally have higher susceptibility than limestones, a clay-filled cavity
should produce a magnetic high (positive anomaly relative to the back-
ground level, i.e., the strength of the earth's field at the site). In
the northern hemisphere, the center of the positive anomaly will be
shifted to the south of the cause of the anomaly and will be accompanied
by a flanking magnetic low displaced to the north (McDowell 1975; Dear-
man, Baynes, and Pearson 1977; Hooper and McDowell 1977; and Telford

* The potential field geophysical methods, primarily the gravimetric
and magnetic methods, are passive (i.e., do not require energy sources
of any kind) and measure components of force fields due to the densi-
ties and magnetic properties of subsurface materials (Butler 1980 and
Telford et al. 1976).
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) 2
: et al. 1976). The magnitude of the flanking lows relative to the mag- l‘
nitude of the highs will depend on the geometry of the anomalous feature ]

o

and may be absent entirely. For sites with clays generally present over . 4

the entire site, the absence of clay in a given area might result in a .‘.,-‘:;

relative magnetic low anomaly. This could occur, for example, when a _’"_-'i‘,:_.j::
limestone pinnacle extends above the clay zone. A clay-pocket (grike) '

or clay-filled cavity will likely be very difficult to detect magnet- ﬁ

ically if its dimensions are less than the depth of burial. - .:jf

RS

Survey Procedure '

#«J

23. The survey was conducted with a hand-held fluxgate magnetom- L

eter (Sharpe MF1-100). The instrument is sensitive to the vertical com-

ponent of the field and thus must be leveled while making measurements. "-;:

Data acquired with the instrument are relative in that the zero-level is f‘:
adjustable. Accuracy of the instrument is probably about *20 y, al- o]

though the scale chosen for conducting the survey could only be read to ":..'7’;‘;

about the nearest 50 y. Data was acquired for the most part at 10-ft g

(3 m) intervals along N-S profile lines separated by 20 ft (6.1 m) in the EC R

E-W direction, for a total of about 250 stations. Base stations at the ‘ i
beginning of each profile were reoccupied about every 30 min, but no : 5
'7.: diurnal variation or drift was observed during the survey. The entire , A_j“
_ survey required about 8 man-hr over a 2-day period. The only data re- i:‘k;
- duction applied to the data was the subtraction of a constant background s _<
E field value. ;
¢ e
2 Results :...._..—-1
™ RRNER
f 24. Figure 15 is a simplified contour map of the data from the "
::.: magnetic survey. In some areas of the site, the data vary somewhat er- 1‘
: ratically and could not be meaningfully contoured. In these areas the i Eh
S variation is generally in the range of -50 y to +50 y. Thus the map in W
1:_:: Figure 15 shows contours only in areas where a consistent trend in the ﬁ;
{ data defines relatively smooth contours. In Part V, magnetic profiles
& 29 gl
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Figure 15. Magnetic survey contour map, Medford Cave site

which include all the data will be presented for comparison with micro-
gravimetric profiles and geology.

25. Several positive and negative anomalies are defined in Fig-
ure 15. The only anomaly which can be readily explained is the large
positive about the Entrance Sink, which is due to the presence of the
iron ladder in the sink opening. Although the maximum contour shown is
+200 y, the value observed directly over the ladder is +1700 y. It is
possible that the large-area negative anomaly north and east of the
Entrance Sink is a flanking low due to the ladder, although this cannot

be confirmed. The large magnetic low to the north and east of the Dump
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Sink is difficult to explain. Although there is metal in the Dump Sink
itself, no positive values are observed even on the edge of the sink. '
Likewise the negative centered at (160,40) is of unknown origin. The ‘O_
highs (positive) located at (80,0), (115,0), and (260,0) are of the type ?
expected for clay-filled cavities and pockets. ?f;
26. In summary, the magnetic survey results do not appear to re-

veal anomaly patterns which correlate with known cavity conditions in

. any way (except for the iron ladder in the Entrance Sink). Individual

5 magnetic profile lines are compared to microgravimetric and resistivity '*2'1
.i results and to known geologic conditions in Part V. ) )
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PART IV: MICROGRAVIMETRIC SURVEY

Basic Principles

27. The gravity method involves relative measurements of the
vertical component of the earth's gravitational acceleration. Gravity
anomalies occur when lateral density contrasts are present in the sub-
surface. Like the magnetic method, gravimetry is a potential field
method. Microgravemetry refers to high-precision, high-accuracy, and
in the present context, to high-resolution applications of the gravity
method. Useful references for geotechnical applications of microgravim-
etry are the reports by Arzi (1975), LaFehr (1979), and Butler (1980).
The unit used in microgravimetric surveying is the pGal or 10-6 Gal,
where 1 Gal = 0.01 m/sec2 (0.0328 ft/secz) .

28. Applied to the detection and delineation of cavities, micro-
gravimetry consists of mapping the variation in gravitational accelera-
tion on the surface along profile lines or over survey areas due to the
density contrasts represented by air- or clay-filled cavities in rock.
Limestone pinnacles and clay pockets (also filled sinks) also represent
lateral density contrasts (see Figures 5 and 14) and produce gravity
anomalies. Since the density contrast of a cavity feature relative to
the surrounding rock will be negative, the gravity anomaly will also be
negative. Whether or not the gravity anomaly produced by a specific
subsurface feature will be detectable depends on the sensitivity and
accuracy of the gravity meter used and jointly on the size and density
contrast of the feature in relation to its depth below the surface.
Figure 16 (Butler 1980) illustrates the concepts. The curves define
the maximum depth to center Zmax for which spherical-shaped features
with radius R can just be detected at a given threshold gravity anom-
aly level. For example, the maximum depth at which a spherical-shaped
cavity with density contrast Ap = -2.0 g/cm3 and radius R =3 m
can be located and still produce a gravity anomaly of -10 pGal is
Z =12 m, or Zmax/ZR = 2.0 . Curves are plotted for selected com-

max
binations of three density contrasts and two detectability thresholds
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detection of spherical model of radius R : ‘0o is density
contrast between spherical model and surrounding material
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(5 and 10 pGal). As rules of thumb for predicting the maximum depth at
which an air-filled cavity with diameter D in the range of 1 to 5 m ;
can be detected, the following can be used: (a) for spherical-shaped or
"compact'" cavities maximum depth approximately equal to two times the ef- : 3
fective diameter (Zmax~ 2:D); (b) for long horizontal cylindrical-shaped
cavities maximum depth approximately equal to six times the effective
diameter (Zmax~ 6°D). Real cavities may have geometries intermediate to '}
these two cases and will have associated secondary factors contributing
to the total gravity anomaly as noted below.

29. For the Medford site the density contrast represented by air-
filled cavity is likely in the range of -1.6 to -2.2 g/cm3 (Figure 13), 'f.
while the density contrast of a clay-filled cavity is likely -0.2 to k
-0.5 g/cm3. The actu;1 magnitude and areal extent of a gravity anomaly
due to a karstic cavity will nearly always be greater that that pre- '7;;;
t! dicted on the basis of the physical dimensions of the cavity feature :'. -
' itself. This effect is due to natural fractures and lower densities in
the rock surrounding the cavity due to solution activity. Note in Fig-

ure 13 the lower rock densities in a depth range where cavities are

observed. b

3
. PRI

Survey Procedures

30. Figure 17 illustrates the stations occupied during the micro-
gravimetric survey. Measurements at the 420 stations were obtained with
LaCoste and Romberg Model D-4 gravity meter. The Model-D gravity meter
has a sensitivity of about 1 pGal, and relative gravity values in a

survey can be determined with a precision and accuracy in the range 3 to

6 uGal (Butler 1980). Detailed discussion of the requirements for micro-
- - gravimetric surveying are given in Butler (1980), and the procedures

outlined in this reference were adhered to quite closely with two excep-

M

@

tions: (a) the number of station reoccupations was only 5 percent of
the total (20 percent has since been adopted as a recommended value);
(b) several programs consisted of long, continuous profile lines. Be-

cause of a time limit on the loan of the gravity meter, it was decided

Ty
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to sacrifice repeat occupations for a densification of coverage in the

area over the known cavities at the site (Arzi 1975). The preferability
T!I of short looping or '"zigzag' programs to long, continuous programs was iiv_f
2 noted by Professor Robert Neumann of Compagnie Generale de Geophysique S

(CGG) in a review of the data from the site following completion of the

survey. ; L
31. Grid point (0,0) was selected as the base station for the o
survey and was reoccupied once each hour (average rate). A flat base- o
plate was used for the survey (Figure 18). The baseplate was leveled
and the vertical distance from top of the survey stake to top of the

baseplate recorded for each station occupation. The gravity meter was ‘.U

then placed on the baseplate and precisely leveled. Then the meter

FEPEFRT LU

3
é{ reading and time of the measurement were recorded for each station occu-
pation. In addition, any necessary comments regarding background noise

level and stability of the base plate were recorded. Background noise

1
J
PP O

was easily monitored since all readings were made using the capacitive
readout meter set on high sensitivity with about 10 pGal/division. The
noise level was low during the survey except for the final day, when 4
some averaging of readings was necessitated (which was accomplished by :.f
monitoring the meter readings for 1~2 min after achieving the approx- o
imate null reading). 'ﬁ“?%

32. At night, during the survey, the gravity meter was operated

. . S
in a tidal recording mode to produce a tidal record for comparison with @& 4
the field "drift curve" and the theoretical tidal curve for the site.

The tidal record was produced about 15 miles from the site.

Laa a4 -t

33. The survey required the equivalent of about 7 days for one
man. Typical time required per station occupation is 4-5 min, including Q-
transport between stations, leveling, reading, and recording data. Pro- R
ductivity ranged typically from 60 to 80 stations per day not counting

base station reoccupations.

Data Corrections and Processing

34. Necessary steps for correcting and processing microgravity

P
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a. Flat leveling base plate in place over
survey marker

i b. Model-D gravimeter in place on flat baseplate T

Figures 18. Flat baseplate and Model-D gravimeter o
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data are discussed in detail in Butler (1980). Assistance with data
corrections and processing was provided by Neumann (1979) and several of
;ﬁ his colleagues from CGG. The steps are outlined below along with cor-

rection equations and relevant comments for the Medford site:

Meter factor. The meter factor is multiplied by the
meter reading to give a gravity value in pGal . For
Model D-4 the factor is 1.08750 in the range used at
the Medford site.

Corrections for time variations. This is the so-called
"drift" correction and compensates for time variations
due to drift in the gravity meter readings and to the
earth tide changes in gravity. This .is accomplished by
reoccupying a base station and assuming that the gravity
values over the entire site vary in the same manner as
the base station reading. Figure 19 illustrates a base
station drift curve segment and the drift correction
procedure for a station at the Medford Cave site.

Latitude correction. This correction compensates for

the normal variation in gravity over the earth in an N-§
direction. The correction to be applied to each station
gravity value is given by +0.81 - sin 2¢ ¢ AL pGal ,
where ¢ 1is a reference latitude for the survey site

(6 = 29.3 deg for the Medford site), and AL is the N-S
distance in metres from the base or reference station for
the site. The correction is added if the station is
south of the base or reference station, and the correc-
tion is subtracted if the station is north of the base.
Since station (0,0) was used as a base station, all cor-
rections will be subtracted from the station values since
all stations are north of the base (except those on the
zero E-W line).

Free-air correction. Two corrections are used to compen-
sate for elevation differences between stations. The
free-air correction accounts for the normal free-air
vertical gravity gradient and is given by %308.55 + Ah
MGal; where Ah is the elevation difference between a
station and the reference elevation in metres. The cor-
rection is added if the station is higher in elevation
than the reference, and subtracted if lower. For the
Medford site, the elevation of the base station is used
as the reference.

Bouguer correction. The Bouguer correction compensates
for the fact that the gravity values in a survey are
affected by differing masses of material beneath the sta-
tions due solely to elevation differences. The correc-
tion is calculated with the expression #41.91 * p * Ah
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""1
HGal, where Ah (in metres) is the same as for the free- e
air correction, p is the density of the near-surface ;f{i;
material, and the correction is subtracted if the sta- LN
tion is higher in elevation than the reference and 3 ®
added if lower. For the Medford site, p = 1.9 g/cm T

was used for the Bouguer correction.

|+n

Terrain correction. To compensate for the reduced grav-
ity values at stations due to either "“hills" or "valleys"
in the vicinity, terrain corrections must be determined
and added to the station gravity values. The terrain cor- o
rection is manually determined using a terrain template L
centered on each station to determine average elevations

in sectors around the stations. Terrain correction ta- :
bles or curves are then used to determine the part of the Ry
total corrections for each sector. The sum of the cor- o
rections for all sectors of the template gives the total ®
terrain correction for the station. Sample terrain tem- o
plates and correction curves are given by Butler (1980).

Stations at the Medford site for which the terrain

corrections exceed 10 pGal are indicated in Figure 17. PR
The gravity value at a station resulting after applying S
all of the preceding corrections is called th¢ Bouguer 3.",‘
anomaly. L

g. Data adjustments. Examination of the Bouguer anomaly
values can sometimes indicate data which must be adjusted.

The adjustment can be as simple as deletion of a clearly :afir

o bad, isolated value, or sometimes the adjustment may in- ii{“

u volve raising or lowering all the data values in a given e &

b program by a constant amount. The need for this adjust- ]
L ment can be detected by careful examination of repeat

= readings at a station from different programs or from

o examination of neighboring station readings in an area

b with dense coverage, although the exact cause of the
"high" or "low" programs is not known. Clearly these
data adjustments introduce a measure of subjectivity in
the results. For the Medford microgravimetric survey,

10 station values were deleted, and 17 stations belonging
to three programs (in the southwestern portion of the

R
v e
4

T St T
}‘ Ve )

4

A
)

survey area) had to be adjusted by +20, -30, and -20 pGal.
The small area involved in the latter adjustments was
mainly positive (sign of anomaly) and the adjustments did
not significantly alter that fact.
35. The base station gravity values presented in Figure 20a rep-
tii resent the majority of the record. The values have been free-air cor-

T

rected for the height of the base station above the grid marker. Also

shown in Figure 20a are the recorded overnight earth tide variations

4
»

(open circles). Since the overnight tidal records were obtained in a

R
.
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different location (a motel room), the segments have been shifted verti-

Py

cally to best fit the base station curve. The phase of the two sets of
data agrees very well, but the amplitude variation of the field curve is

more extreme. The time marked by an arrow corresponds to a base station

o
IRy

reading following a strong jolt to the gravity meter. Because of the

frequent base station reoccupations, the recovery period after the jolt

| RAENATA

is adequately defined. Significant errors can result for less frequent

et .
. L

base station occupations in such cases.
fﬁ} 36. The theoretical tidal curve for the site, shown in Figure 20b,
‘. was computed using the equations of Longman (1959). There is approxi-
-‘ mately a 4-hr phase difference between the theoretical and measured ®
y tidal curves; such phase differences are not uncommon.®* Discounting the

- phase shift, there is good agreement between the amplitudes of the mea-

)

sured and theoretical tidal curve. The long-term cumulative drift (non-

PPN

tidal) of the gravity meter appears to be about 2 pGal/hr, although ;. '

b
[}

there are also other nontidal meter drifts much larger than this which
are not cumulative. In any event, frequent high-quality base station

readings can correct for these time-dependent gravity variations.

Results

Al

Bouguer anomaly maps :??-i
37. Figure 21 is a contour map based on the Bouguer anomaly ,.
values for stations defining a 20-ft grid. A number of interesting
closed-contour features appear on this map, including a significant rel-
ative minimum in the center of the map which roughly coincides with the
known location and orientation of the Big Room. The Bouguer anomaly . -
map, however, still contains the effects of the regional gravity field,
i.e., the gravity field due to the "deep-seated" geologic structure of T

the area. Indeed, one of the reasons for examining the 20-ft grid

* For many locations, however, such as Vicksburg, Miss., the agreement
between theoretical and measured tidal curves, both in phase and
amplitude, is nearly exact.
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Figure 21. Bouguer anomaly map for Medford Cave site microgravimetric
survey (contour interval, 0.02 mGal (20 pGal) and 20-ft station
spacing data only)

Bouguer anomaly map is to determine whether a regional field is apparent.
It is easily seen by inspection that the gravity anomaly values increase
from an average of about 700 pGal on the western grid boundary to about

780 pyGal on the eastern grid boundary. Assuming a linear regional vari-

ation over the site (i.e., assuming a planar regional field), the field

increases from west to east at a rate of 0.3 pyGal/ft or 3 pGal/10 ft

(~1 pGal/m). For completeness, Figure 22 is the Bouguer anomaly map for
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Figure 22. Bouguer anomaly map (10-ft station spacing)

all the gravity stations, and the map is considerably more complex in
appearance, as could have been anticipated.

Residual anomaly maps
38. Subtraction of the planar regional field from the Bouguer

maps results in the residual anomaly maps shown in Figures 23 and 24,
corresponding to Figures 21 and 22, respectively. There are four major RO |
negative anomaly features easily noted in Figure 23: (a) a large* —
* The term "large" is used in a microgravimetric sense and applies to f:ffﬁ
magnitude or areal extent of the anomaly. its[:i
%"‘
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negative anomaly (-68 pGal) in the center of the map with directional
trends northwest to southeast and to the west-southwest (anomaly A);
(b) a localized negative anomaly (~41 pGal) centered at point (225,40)
in the northeast part of the area surveyed (anomaly B); (c) a large
negative anomaly (-77 pGal) centered apparently at point (110,0) but
extending east beyond the surveyed area (anomaly C); and (d) a negative
anomaly (-41 pGal) centered approximately at (210,210) to the northwest
of the Primary Entrance (anomaly D).

39. Figure 24 is the residual gravity anomaly map for all the
gravity stations (corresponding to Figure 22). All the principal fea-
tures of Figure 23 are preserved, but large anomalies become more de-
tailed and new small-scale anomalies appear. For example, three small
negative anomalies are defined with centers at points (130,65), (165,90),
and (180,105), anomalies E, F, and G, respectively, which do not appear
as closed features in Figure 22. Anomaly A breaks up into several
closed minima within the overall negative values in the area, and simi-
larly for anomaly D. Anomalies B and C are somewhat larger in area in
Figure 24 than in Figure 23. Anomaly H, although present in Figure 23,
is well defined in Figure 24.

40. On the basis of the results in Figures 23 and 24, confirma-
tory or verification borings were planned. Specifically, the borings
based on gravity anomalies (see Figures 11, 23, and 24) were E18 (anom-
aly B), E19 and E20 (anomaly C), E23 (anomaly E), and E25 (anomaly F).
Borings L1, C1, ClA, and C10 are in the vicinity of anomaly I. Boring
E17 was placed in the area covered by anomaly A, specifically to verify
the mapped position of the southeastern portion of the Big Room. Anom-
aly D was inaccessible to the drill rig due to the thick tree‘cover.
Results of correlations of boring results with geophysical results will
be discussed in detail in Part V.

Processed gravity maps

41. All of the gravity anomaly maps presented thus far were manu-
ally prepared and contoured. While this is a somewhat time-consuming
effort (approximately two man-hr to produce a single contour map after

data are plotted), the results are often more desirable or pleasing
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than automatic computer contour plots, particularly for high-resolution
gravity surveys such as discussed here. Manually contoured gravity

maps are generally smoother, more "physically realistic" in appearance,
and avoid numerous isolated closed contour features which may be defined
by only one gravity value. As the spacing between gravity stations in a
survey increases, the significance of these differences is obviated to
some extent.

42. One of the most often cited advantages of computer-produced
contour maps is the total objectivity of the procedure. Figures 25 and
26 are Bouguer anomaly maps for the 20- and 10-ft spacing data sets,
respectively, produced by an automatic computer contouring program.
Figures 25 and 26 should be compared to Figures 21 and 22, respectively,
which are the manually contoured counterparts. In this case, the com-
parison is quite favorable; there appear to be no significant biases in
the manually contoured plots. The primary difference between the manual
and automatic contour plots is the contour interval (20 and 10 pGal,
respectively), which leads to a more complex-appearing map in the case
of the automatic contour plots. All of the primary features of the man-
ually contoured maps are preserved on the automatic contoured maps, al-
though the shapes are altered somewhat and have a more artificial appear-
ance on the automatic contoured maps. Also, as expected, there are more
small, isolated, closed features in Figures 25 and 26 than in .igures 21
and 22, although the smaller contour interval accounts for some of them.
Considering the computer costs and turnaround time, it is doubtful
whether any real time or.cost savings could be realized by choosing to
produce automatic contoured Bouguer and residual gravity maps. In cases
where much larger areas are surveyed on a fine grid like the one used
here, automatic contouring would be more efficient.

Derivative maps

43. It is possible to design mathematical filters which operate
on gridded Bouguer gravity data to produce transformed maps of derived
quantities. The purposes of transformed maps in the present case are
twofold: (a) to produce the equivalent of a residual gravity map in a

totally objective manner, and (b) to possibly produce an enhancement of
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gravity anomalies caused by shallow structures. This general class of
transformations is referred to as ring and center point methods, since
the procedure involves working with gravity data which lie on various
rings which are centered on a particular gravity station. Application
of the filter results in a derived quantity for the center point in ques-
tion. The center point location shifts successively to all gravity sta-
tions in the survey. A transformed contour map can then be produced

from the derived quantities. Various types of automatically determined
residual gravity maps can be produced as well as maps of the first and
second vertical derivatives of the Bouguer gravity field. All of the
methods involve polynomials of the form kogo(ro) + klgl(rl) + k2§2(r2)

+ . . . , where the ki represents the weighting coefficients which
depend on the type of derived quantity with Ziki =0,

Bouguer gravity value of the center point, and E} is the average

Bouguer gravity on the ith circle with radius r, about the center

g, 1is the

point. If a is the station spacing in the grid,* then the possible
successive circles have radii a , v2 a , 2a , v5 a , etc., for i =1,
2, 3, 4, ..., respectively.

44. Two types of these filter or transformation operations were
applied to the Bouguer gravity data of Figures 21 and 22. The first

operation used a second derivative** formula due to Elkins (1951):

g, (0) = 0.67g (0) + 0.33 El(a) - §4(J5_a)

where a 1is taken as 20 ft. This formula is designed to combine
smoothing with the derivative operation to produce a map closely re-
sembling a residual gravity map. The method is sometimes referred to

as the Elkins residual method. Use of the ring at rl = a 1introduces

% If the data were not acquired on a regular square grid, the data
can be contoured and a square grid of data deduced by suitable
interpolation.

** g"(0) = 823 (0)/322 , where the z-axis is vertically downward and
the"x- and y-gxes lie in the horizontal plane.
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a second derivative filtering with coefficients chosen to smooth high
spatial frequencies, while the ring at r, = 44.7 ft is used to
approximate a local regional field and the average along the ring is
subtracted. Figures 27 and 28 are transformed second derivative
maps (Elkins residual) produced from the Bouguer anomaly values on
a 20- and 10-ft grid, respectively. The contour values should be
considered in a relative sense with arbitrary units. These maps
should be compared with the residual maps in Figures 23 and 24.%*
There is a definite qualitative similarity between the residual anomaly
maps and the second derivative maps. Anomalies A, B, C, and D are lo-
cated and oriented approximately the same as in Figures 23 and 27. The
primary differences in the two maps occur near the boundaries where
certain assumptions must be made regarding the values outside the survey
area in order to perform the ring and center point operations. Counter-
parts to all the labeled anomalies in Figure 24 can be seen in Figure 28.
There are, however, numerous small closed contour features in Figures 27
and 28 which arise due to the numerical procedure. Also, some values
were subjectively suppressed in the manually contoured residual maps.
The property of the derivative method which tends to try to balance pos-
itive and negative anomaly regions can be seen in the second derivative
maps. Clearly, the same decisions regarding negative anomaly features
and recommended confirmatory boring locations would have been made based
on the second derivative maps. An attractive feature about '"residual
maps" produced by the second derivative procedure is that no assumptions
or subjective decisions about the regional field are required. This
comparison gives some added confidence in the inspection method for
accomplishing the regional-residual separation in such cases.

45. The second transformation operation applied to the Bouguer
gravity data is a simplification of a first vertical derivative** (ver-

tical gradient) formula due to Baranov (1975):

* The units of the two maps are not equivalent. The second derivative
anomaly magnitudes should only be viewed in a relative sense.

** g (0) = 3g,(0)/3z .
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Figure 28. Elkins residual map, second derivative, 10-ft spacing data
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g,(0) = g _(0) - 0.72 El(a) - 0.28 55(3a)

where again a is taken as 20 ft. This transformation is applied with-
out the smoothing inherent in the formula for gg(o) . Thus, in princi-
ple, the transformed maps should have greater anomaly resolution than
residual gravity anomaly maps. Figures 29 and 30 are the transformed
first derivative maps for 20-ft and 10-ft data grids, respectively. The
contour values should be considered in a relative sense with arbitrary
units.* Again there is great similarity between the residual maps (Fig-
ures 23 and 24) and the first derivative maps with regard to anomaly
location and orientation; the first derivative maps seem to exhibit
greater anomaly resolution, however, as expected. All of the anomaly
features identified on the residual maps can be seen on the first deriv-
ative maps. Some of the anocmaiies such as B and C which appear with a
single anomaly center in Figures 23 a..d 24 are resolved into two anomaly
centers in Figures 29 and 30.

46. The similarity between the residual and first and second de-
rivative maps can be emphasized by examining selected profiles. Figures
31 and 32 compare g, » gé , and g; from Figures 24, 28, and 30, re-
spectively, for the 0 and 80 N-S profile lines.

47. The smoothing effect caused by the particular second deriva-
tive transformation which was used is illustrated very well in Figure 32
for the 80 N-S line. Figure 31 illustrates to some extent the greater
resolving power of the first derivative; the large negative anomaly fea-

ture is seen to have a multistructure origin in the g;

profile;
whereas, such an origin is only suggested in the g, profile.

Quantitative interpretation

48. It is possible to calculate uniquely the gravity anomaly on
the surface due to a subsurface structure. Information needed for this

calculation includes structure geometry, size, depth, and density

* Strictly speaking, first derivative units, the Eltvos (E), where
1E = 0.1 pGal/m, can be obtained by multiplying the contour values by
18.31365.
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contrast. The inverse problem involves trying to calculate or deduce
this information about a structure from the measured gravity anomaly on

the surface, and this problem is inherently nonunique; i.e., there are

many possible solutions. However, for a given site, a basic knowledge

of the geology in the area can significantly reduce the number of possi-

bilities. Thus, in karst regions, localized negative anomalies are ﬂ7f;*\

likely due to solution features such as described in Part II. ~®
49. As an example of solution of the inverse gravity problem, o
consider anomaly B in Figure 23. The anomaly is caused by a three-
dimensional structure, and since the contours are fairly symmetric about
the center, the structure is likely symmetric. The simplest possible
three-dimensional symmetric structure model is a sphere. Consider a
spherical model of radius R , depth to center z, and density con-
trast Ap . The gravity anomaly profile on the surface over the center

of the model is expressed by (Butler 1980)

4 z, z

g =§TlRApY——3/—2=AMY
2 2

(x° + zo)

0

2 2
(x© + zo)

3/2
- -11 3 2 .
vhere y = 6.67 x 10 m /kg-sec® , AM symbolizes the mass anomaly of

the model, and x is the surface position (x = 0 is directly above the

center of the model). From this equation, the depth is given by

z = 1.305X
o 1

/2

where X is the half-width of the profile at its half-maximum value

1/2
points. Knowing z, the mass anomaly can be calculated from the value

of the profile at x =0, gz(O) , using the following relation

. g,(0) zg

aM
Y
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Finally, knowing AM , if the density contrast is known or can be esti- ) f
mated, the radius can be calculated, or vice versa.
Xl/2 varies from 10 ft (3.0 m) to 16 ft :..,_, g

(4.9 m), depending on the orientation of the profile taken across the

50. For anomaly B,

anomaly. Thus, the predicted depth to the center of the structure lies
in the range of 13 < z < 21 ft (4 to 6.4 m) based on the assumption IZJLF
of a spherical geometry. Based on gz(O) = =41 pGal and assuming o

Ap = -2.0 g/cm3 (for an air-filled cavity), the radius is seen to be in
the range 7.4 < R < 10.1 ft (2.3 to 3.1 m). Since the sphere is the
most compact three-dimensional model, depths calculated using this model

will tend to err on the high side, since less compact structures must be

located at shallower depths to produce the same anomaly. The confirma-
tory boring placed at (225,40) to investigate this anomaly (see Ap-
pendix B) revealed that the gravity anomaly is due to both a thicker
than normal soil profile (representing a distributed mass anomaly) and
a partially clay-filled cavity centered at about 13 ft (4.0 m).

51. For other models, it is possible to calculate gravity anom-
alies for a range of sizes, depths, and density contrasts and, thus,

prepare a catalog of profiles for comparison with measured field gravity

profiles. The basic procedure is to plot the profile data on transpar-
E ent log-log paper and then overlay the plotted data on the set of stan-
t“; dard curves for the chosen class of models. The measured profile is

matched with a standard profile, and the required model parameters are

- determined from axis intercepts in a manner analogous to the use of the
familiar resistivity master curves for layered earth models. ]
.;f 52. Professor Robert Neumann selected six profiles across anom- 1_' §

L‘ alies A, C, and D for quantitative interpretations (Neumann 1979); these @

’
t
!
i

profile lines are shown in Figure 33. The class of models chosen for

all the interpretations are square in plan and rectangular in cross

AR A e bt Mo

i@

section, with thickness equal to the depth to the top. This class of Cl

models was chosen after comparing the character of the measured profiles 1!“-;

E‘ with several different classes of models of a similar nature. The fol- .
E‘ lowing tabulation summarizes the results of the quantitative interpreta- B

i?f tions performed by Professor Neumann: '{f;
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Profile Depth to Top Depth to Bottom Width/Length Density Contrast

No. h, ft H, ft 2a, ft Ap;lgg/cm3 S
I 12.2 34.4 33.6 -1.72 T
11 15.1 30.2 30.2 -1.68 B
111 14.8 29.6 29.6 -1.66
1v 8.9 17.8 34.2 -1.05 o
v 12.8 25.6 19.8 -1.85 o
VI 16.8 33.6 46.8 -1.62 L]

These results are compared to known cavity dimensions and the results of

exploratory borings in Part V.
Summary '
53. Results of a microgravity survey consisting of 420 gravity iif-
stations are presented in this section. Use of the known conditions at -
the site was made in planning the survey, i.e., a denser grid of gravity
stations was used over the known cavity system at the site in order to
assess the role of grid spacing in allowing delineation of the cavity ii[”

system. Two methods of interpreting the data are presented--qualitative
and quantitative. Both methods are based solely on the gravity data,
and only rassing reference is made to known conditions at the site and
results of the confirmatory drilling program.

54. Qualitative interpretatica of the data relies on examination
of residual gravity contour maps or processed gravity derivative maps to
pick anomalous areas at the site, where negative gravity anomaly fea-
tures may be indicative of clay pockets, cavities or other solution
features (such as zones where extensive solutioning has occurred but
without "large" cavity development) which should be investigated by con-
firmatory drilling. The method of quantitative interpretation used in
this report relies on choosing representative profile lines across
closed gravity anomaly features. Then by assuming a model of the fea-
ture causing the gravity anomaly, the size, depth, and density contrast

are deduced by comparing the measured profile with standard profiles for
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the assumed model. Comparison of the qualitative and quantitative

interpretations with the known cavity system, results of the drilling

program, and results of the magnetic survey are discussed in Part V of

this report. "‘? ﬁ
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PART V: GEOPHYSICAL-GEOLOGICAL CORRELATIONS

Correlation of Geophysical Results
and the Known Cavity System

55. The most obvious way to evaluate the microgravimetric and
magnetic survey results is to compare the residual ancialy contour maps
with the known cavity map. Essentially, the cavity map in Figure 5 is
correct with regard to the sizes and relative layout of features. Bore-
holes which penetrated the system verified the mapped depths in two
places. A limited number of compass checks during entry into the cave
system confirmed that the map orientation of the Big Room may be off by
as much as 10 deg (should be rotated clockwise) although the point of
rotation was not determined. Also the actual location of the Secondary
Entrance is at (110,260) or about 10 ft northwest of its mapped location.
The Dump Sink is enlarging with time and is somewhat larger than shown
in Figure 6, with the northern rim approximately parallel to the 35 E-W
line. The bottom of the Dump Sink slumped by about 6 ft sometime during
the period 15 January to 15 April 1980. With these minor reservations,
the cavity map of Figure 6 may be used for correlation with the geophys-
ical results. It was anticipated from the beginning, however, that
there were solution features at the site not shown on the cavity map.

56. The general correlation of the residual magnetic anomaly map
with known features at the sites was discussed in Part II. Figure 34
shows the cavity and magnetic maps superimposed for completeness. As
discussed earlier, the only significant correlations occur at the Pri-
mary Entrance, where the iron ladder produced a large magnetic high, and
near the Dump Sink, where a large magnetic low occurs. The magnetic low
near the Dump Sink is located above the small secondary cavity system
which can be entered through openings in the sink, although the low
anomaly extends considerably north and east of the known cavity system.
Since the shallowest mapped depth to the secondary cavity system is
about 15 ft, it is difficult to explain the magnetic low on the basis

of the cavity system. One possibility is that the anomaly is a flanking
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low caused by metallic material in the sink, although the size and shape

o]

of the anomaly makes this seem unlikely.

57. Figures 35 and 36 present the residual gravity anomaly con-

@

AL SR i ot gI R A o

& tour maps of Figures 23 and 24, respectively, with the cavity map super- A
ff imposed. The overall correlation of the negative gravity anomalies with ,;:fi
Eg the mapped cavity system is excellent. Both the location and direc- 'ii
Fj tional trends of anomaly A (see Figures 23 and 24) correlate very well ii:*i
”! with the main cavity system. The gravity contours would match the cav- T
Lf ity map even better if either were rotated about 10 deg (clockwise for

li the cavity map and counterclockwise for the gravity anomaly contour),
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which is consistent with crude angle measurements made in the cavity
system. Note the occurrence of a gravity high over the Primary Entrance/
Sink. If elevations were known accurately enough within the sink and
opening, the gravity corrections should just compensate and result in a
zero anomaly due to the Primary Entrance/Sink. However, the elevations

and actual geometry of the opening were poorly defined, and gravity data

within the sink area were sparse. The Primary Entrance/Sink seems to be
expressed properly in Figure 35, but a positive anomaly occurs in Fig-
ure 36 which extends over a portion of the Entrance Room. Also, very
near the surface in the area above the Entrance Room, the basal lime- '724
stone member of the Hawthorne Formation occurs, which has a density ‘L_Li
contrast of about +0.2 g/cm3 with the underlying limestone, and may con-
tribute to the positive gravity anomaly.

58. Both Figures 35 and 36 indicate negative anomalies over the

small secondary cavity system near the Dump Sink. Also, both figures

O R
B SR “.'-.’- B
L

indicate extension of the negative anomalies to the north joining the 'u;;’
negative anomaly region over the main cavity system. This further sug-
gests that the two cavity systems may be connected. Although portions
of the secondary cavity system are too deep (30 to 35 ft) or too small

e

(approximately 2 to 4 ft in vertical dimension) to be delineated very

well by gravity (see Figure 16 and Butler 1980), the distribution of
positive and negative areas correlates very well with the mapped cavity

features. ’

-t

L

59. Very small features of the cavity system are not delineated

by the gravity maps, such as the small finger projection from the Big

Room or the individual features of the west-southwest extension of the

main cavity system. These features are too deep and too close together o
T
to be resolved by the gravity maps. Further processing, such as sub- .

a
[ l
'

LA anad b 4

tracting a local regional field from Figure 36, defined say from Fig-

M

oo

ure 35, might improve the resolution, but this has not been attempted.

The results are already adequate for zoning the site for most purposes @

without further processing of the data.
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Geophysical and Geological Correlations along Profile Lines

Concepts

60. Basically the function of geophysical surveys in a site in-
vestigation program is to assist in determining subsurface conditions at
a site. This function involves hypothesizing structural features con-
sistent with the known geological conditions which could explain partic-
ular geophysical results. For site investigations in karst regions,
primary "targets" of geophysical surveys are anomalous zones which can
be ascribed to solution features. Thus, the geophysical survey results
are called on to locate anomalous zones in plan, estimate size and depth,
and assess the nature of the feature (i.e., clay pocket, grike, solution-
widened joint or fracture, rock surface pinnacle, air-filled cavity,
clay-filled cavity, etc.). While this can be done possibly from the
results of a single geophysical method, the preferable procedure is to
rely on complementary geophysical results* to give added confidence to
the interpretation. Of course, drilling or direct investigation of
anomalies is required in the end, but the combinatior of geological and
geophysical work can often significantly reduce the amount of drilling
required to achieve adequate definition of subsurface conditions at a
given site.

61. The correlation of complementary geophysical results can be
used to restrict the possibilities when assessing the nature of the fea-
ture causing geophysical anomalies. Listed in the table below are qual-
itative indications of the nature of gravity, resistivity, and magnetic
anomalies expected to be associated with various solution features.

(The terms "high'" and "low" are used in a completely relative manner.)

Feature Gravity Resistivity Magnetic

Clay pocket or grike (at
the top of rock),
clay-filled sink Low Low High

(Continued)

* Complementary geophysical methods measure or respond to different
physical parameters of the soil/rock medium.
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Feature Gravity Resistivity Magnetic B

Air-filled cavity Low High None (?)  :f;t;

Clay-filled cavity Low Low High (?) . -

e

Limestone pinnacle High High None(?) or relative low RN

if surrounded by clay

These concepts are illustrated in the following examples of gravity,

resistivity, and magnetic profiles along N-S lines at the Medford site.

The resistivity program and results at the Medford site will be dis-
Briefly,

the resistivity results presented in the following examples are from

cussed in detail in other reports (e.g., Butler et al. 1982).

horizontal profiling surveys using a Wenner array with an electrode

spacing of 40 ft and measurements every 10 ft along the line; with this

electrode spacing, the depth of investigation is at least 30 ft.

0 N-S line
62.

the 0 N-S line, was used as a common profile line for all the surface

The easternmost boundary of the surveyed area at the site,

geophysical methods used at the site. Prior to the geophysical surveys

and the drilling program, nothing was known about the subsurface beneath

this profile line.

Gravity, resistivity, and magnetic profiles along ‘o

this line are presented in Figure 37.

The outstanding feature in Fig-

ure 37 is a broad gravity low reaching nearly -80 pGal in the region 100 l,ijfg
to 130 ft of the profile line and increasing to -30 HGal in the region ::%f:{
130 to 180 ft (anomaly C). An apparent resistivity of about 400 ohm-ft ig!i:j
appears to be the "normal" value for the site (for the Wenner array with PRI
A = 40 ft) away from the known cavity system. Compared to this normal 2
value, the resistivity profile exhibits a broad, low amplitude high )
across the region of the gravity low, with a secondary peak in the pro- . b
file occurring at the location where the gravity low changes from 77f783
-80 uGal to -30 pGal. The magnetic profile exhibits a high from 100 to ﬁt&;ié
130, which has an apparent profile width considerably shorter than that ; j;fa
for the gravity and resistivity anomalies. The gravity low and resis- : 6;'“

tivity high suggest an air-filled cavity or cavities, while the magnetic
») high suggests the possible presence of clay, although due to the short

spatial width of the magnetic anomaly, the clay may be shallower and not

RELR" (PR
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! Figure 37. Gravity, resistivity, and magnetic profiles along
. the 0 N-S line

associated with the cavity as a filling material. This region of the }ﬁ*l}]
profile line was also interpreted as anomalous based on results ‘of other lu*Q*;
geophysical surveys (seismic refraction, surface radar, resistivity -

sounding, and pole-dipole resistivity). T

MR B 2 IR
®

63. Two borings were placed to investigate the cause of the anom- _
alous geophysical results, as shown in Figure 37. The borings (E20 and S
E19) were located at (110,0) and (117,-5) (slightly east of profile T
line). Boring logs from these two boreholes are shown in Figure 38. ;Ti?ﬁa

Boring E20 encountered two air-filled cavity zones each about 2 ft thick
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Figure 38. Boring logs for borings E19 and E20

at depths of 8 and 17 ft. The two cavities were separated by about 5 ft
of chert with very large (1- to 2-in. diameter) air- and limestone-
filled porosities and several small air-filled cavity zones. Boring E19
encountered a zone at about 12 ft and extending to 27 ft which is appar-
ently a cavity that is partially or entirely clay-filled. No air-filled
cavities, as evidenced by drill tool drops, were encountered in E19.
Thus the gravity and resistivity anomalies are caused by a cavity fea-
ture which apparently becomes deeper and clay-filled to the east of the
profile line. The magnetic anomaly is due either to the apparently very
clay-rich soil at the location or to the anomaly produced by the clay-
filled section of the cavity to the east.

64. The results of a quantitative interpretation of a gravity
profile line across this anomaly is presented in Part IV as profile VI
in the tabulation in paragraph 52. Comparing the interpreted depths to
the boring log in Figure 38, the predicted depth to top of the cavity is
too large by a factor of 2 for the condition found in boring E20 and by
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a factor of 1.4 for the conditions in boring E19. The difficulty in
“_i;:: interpreting this anomaly is due to the complex nature of the anomaly;
;n i.e., it is difficult to fit the complexly shaped gravity profile,
likely due to two separate solution features or a complexly shaped
single feature, to the regularly shaped profile for the chosen model.

The interpreted density contrast (-1.62 g/cm3) is fairly realistic for

the conditions shown for boring E20.
40 N-S line

65. The 40 N-S line again is in an area of the site where subsur-
face conditions were unknown prior to the field investigations. Geo- :
physical survey profiles along this line are given in Figure 39. All of ‘:;.;"‘:‘
the profiles exhibit considerable variability, and as will be seen in
the following discussion on the 80 N-S line, much of the variability is
likely due to irregularities in the top of the limestone (i.e., lime-
stone pinnacles and clay pockets). A gravity low with magnitude of @ 3
-40 pGal at (220,40) occurs over the region 210 to 260 of the profile |
line (anomaly B). A resistivity low and an apparent relative magnetic
high are associated with the gravity low, although the magnetic high, .
if real, is certainly not well defined. These geophysical anomalies ,.
suggest a clay-filled cavity or a clay pocket. Boring E18 was placed

at location (225,40) on the line to investigate the cause of the geo-

physical anomalies; Figure 40 presents the boring log. A partially clay- 1
filled cavity was encountered at a depth of 9 ft, extending to 14.5 ft. i
Also, sand was encountered to a depth of 6.5 ft, considerably thicker : 3
than typical for the site, suggesting a shallow sand-filled pocket or :
; grike in the top of the limestone. Thus, the geophysical anomalies, in o
i.. particular the gravity low, are due to both the shallow sand-filled '.{
b feature and the somewhat deeper partially clay-filled cavity. It is the ““.*‘21
; contribution to the gravity anomaly from the shallow sand-filled feature,
;":5 which is possibly large in areal extent, which resulted in too large a :
'. predicted depth for the simple quantitative interpretation attempted in '-..‘4 E
[ Part IV. '“*1!
- 60 N-S line 1
: 66. The 60 N-S line crosses a small, closed-gravity anomaly
! g L
.
E‘ - e e = = = = = = Tz .- . _
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Figure 40. Boring log for - 1
boring E18 ‘:,..' 4
(anomaly E) which only appeared on a contour map of the 10-ft station o 1
spacing data. Also, this line just crosses the easternmost extension of o]
the mapped cavity system. The geophysical profiles shown in Figure 41 .' ‘;
» 5 ‘
: again have the variability typical of an irregular limestone surface. T
, Boring E23 was placed to investigate the cause of the small gravity
L anomaly (-30 pGal) at (130,60). A broad resistivity high occurs over ¥
;;i the central portion of the profile line. Two factors likely account for s.'d
= this resistivity high: (a) a broad region of increased porosity due to T
- solution, and (b) the close proximity of the large known cavity system. - f"ij';
e S
;j: Significantly, there is a relative resistivity low superimposed on the o }
N broad high which is symmetric about the location of the gravity low. .1
I There appears to be a relative magnetic high to the south and a low to P
E;" the north of the centers of the gravity and resistivity anomalies, al-
hl: though it is clear that probably in the absence of the other anomalies, o
L Iy
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Figure 41. Gravity, resistivity, and magnetic profiles
for 60 N-S line

no significance would have been attached to this magnetic signature.
These geophysical anomalies suggest a clay-filled cavity or pocket.
Boring E23 (Figure 42) encountered a clay-filled cavity with bottom at
18 ft. The top of the cavity is either at 9 or 14 ft, with the exact
nature of the material between 9 and 14 ft uncertain as indicated in
the boring log. While the simple quantitative interpretation attempted
for the gravity anomaly on the 40 N-S line failed to some extent due
to the multiple solution features, the same procedure would work quite
well for the present case.
80 N-S line

67. The 80 N-S line was the most extensively investigated profile
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line at the Medford site. A geologic profile along this line is pre-
sented in Figure 14. For the 0, 40, and 60 N-S lines, only the most

significant geophysical anomalies were selected for verification drill- i

1 RO
C e

ing and discussion. For the 80 N-S line, however, even small and subtle IR

¢

3 "5 et i L Ced g
¢ . LA, o

- N
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T
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features of the geophysical profiles can be correlated to known geologi~- S

cal conditions. Figure 43 presents the gravity, resistivity, and mag-
netic profiles along this line. Each profile is shown above the geo- o

logic cross section for easy comparison. Two different resistivity pro-

ey

i .
Vet
L%

files (Wenner arrays with A = 10 ft and A = 40 ft) are shown in Fig-

ure 43. Two small features of the known cavity system cross under this
line as shown in the geologic cross section. Since the cavity features ®
are air-filled, the corresponding geophysical profiles should show a o

.ﬂf; gravity low and a resistivity high for A = 40 ft, but the resistivity = g

ﬁ i profile for A = 10 ft and the magnetic profile should show no effect due
® to the cavities. The geophysical results are entirely consistent with
this. The center of the large resistivity high is shifted to the north
due to the proximity of the Big Room of the cave system to the northwest.
68. For the northern half of the line, note the excellent corre-
lation between the gravity and geologic profiles (Figure 43): gravity
lows over clay pockets and gravity highs over limestone pinnacles. The
small variations in the gravity profile from positions 40 to 80 ft on
the line may likewise be due to small undulations in the top of the lime-

stone. The resistivity profiles in Figure 43 illustrate how two elec-

trode spacings can be used in horizontal profiling to give information
of depths of features causing anomalies. For example, both profiles
exhibit relative lows centered at about 180 ft on the line above a clay
k" pocket. Because the profile for the 10-ft electrode spacing shows the
anomaly, the causative feature must be shallow. Small fluctuations in
the A = 10 ft profile correlate with the remaining clay pockets and the
limestone pinnacles. The second clay pocket and limestone pinnacle

. located near the 200- to 240-ft positions are not resolved on the

A = 40 ft profile due to the large volume of material influencing the
measurements. A large clay pocket at 260 ft is seen to significantly

affect the A = 40 ft profile.
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section along the 80 N-S line
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69. Although the magnetic profile (Figure 43) exhibits a relative
shift to higher values from south to north along the line as would be
predicted due to the presence of the clay, the profile has no identifi-
able pattern which defines the clay pockets. It is possible that the
clay pockets in this case are so close together that the offset positive-
negative anomalies expected superimpose in such a way as to mask the
pattern. The south end of the profile exhibits a relative positive-
negative pair which is possibly due to the metal present in the Dump
Sink.

70. The residual anomaly contours in Figure 36 suggest that the
clay pocket centered at about (170,80) (Figure 43) may extend westward
toward the area of the main cavity system. Boring E25, placed to inves-
tigate a small, closed, negative anomaly feature at (165,95) that ap-
peared when the 10-ft spacing data were contoured, encountered clay
which extended to a depth of 9 ft apparently confirming the suggestion
(Figure 42). Similarly, the clay pocket encountered at (220,80) may be
part of a feature which not only extends back toward the area of main

cavity system but toward anomaly B at (225,40).

Comparison of Quantitative Gravity Interpretations
and the Known Cavity System

71. Profile lines I, II, III, and V of the tabulation in para-
graph 52 and Figure 33 cross anomaly A caused by the main cavity system.
Figure 44 shows these profile lines in relation to the cavity system.
The quantitative interpretation procedure attempts to find the particu-
lar box-shaped model, which is square in plan and has thickness equal to
the depth to its top, which produces a gravity effect that best fits the
observed residual gravity anomaly data along the profile lines. For a
profile line such as V which crosses multiple features for which the
gravity effects superimpose to produce a composite anomaly, the quantity
that is correctly interpreted is the total mass excess or deficiency,
but the interpreted model in such cases may have little relation to the

actual multiple features.
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72. The quantitative interpretations are compared with the mapped

depths and sizes of the cavity system in the following tabulation:

Depth to Top, ft Thickness, ft Width, ft
Gravity Gravity Gravity
Profile Model Mapped Model Mapped Model Mapped
I 12.2 15 12.2 11 33.6 30
11 15.1 11 15.1 11 30.2 24
I11 14.8 14 14.8 9 29.6 30
I&ITI (Average) 13.7 13 13.7 11 31.9 27

The mapped dimensions are clearly averages or typical values for the
features under the profiles. The final listing is an average for pro-
files I and II across the Big Room. Listed mapped widths are along the
profile lines; a square with the same area as the plan area of the cav-
ity system would have sides of length 35 ft, giving somewhat better
agreement with the gravity models. The density contrasts for profiles
I, II, and III for the gravity models agree very closely and are reason-
able (see paragraph 52). Agreement between the gravity models and the
"Big Room" area of the cavity system is quite good considering the as-
sumptions and differences between model and actual system. Note that
the larger dimensions predicted for the models than the mapped dimen-
sions are consistent with the observation noted earlier that gravity
anomalies are generally larger due to secondary effects around cavities.

73. Direct comparison of profile VI across anomaly C with drill-
ing data is complicated by the fact that the profile is apparently not
across the center of the anomaly. The depth to top of the solution
feature is 12 ft (boring E19) compared to the 16.8 ft for the quantita-
tive interpretation. Thickness is 15 ft compared to 16.8 ft from the
quantitative interpretation.

74. Comments at the end of the discussion on the 80 N-S line sug-
gest the use of gravity anomaly contour maps in a qualitative way to
zone a site with regard to areas which may have anomalous subsurface
conditions. These site zoning maps can then be used to guide and plan

drilling and sampling programs. If the drilling results verify the
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zoning map predictions, the zone map can then be used qualitatively to
predict solution features or to extend the known solution conditions to
undrilled areas on the zoning map. Zoning maps can be prepared from
various types of geophysical survey results, and in future reports in
this series zoning maps for the Medford site based on resistivity,
acoustic resonance, seismic methods, etc., will be presented.

75. Figures 45 and 46 are "shades of gray" zone maps prepared
from Figures 23 and 24. The cross-hatched pattern indicates positive

anomaly areas which presumably are areas without significant solution

features. Of the 11 borings in positive anomaly areas of the map,
only 3 encountered cavities: C6(66,158), E8(190,80), E21(57.5,-4). 75:'”
Boring C6 encountered a 1.5-ft cavity at a 38-ft depth which represents U
a case clearly beyond the detectability limits of the microgravimetric
method. Boring E8 encountered a 2.0-ft cavity at a 17-ft depth; this -
represents a depth-to-thickness (diameter) ratio of 8.5, which is just "‘ 3
outside the detectability limits of the method (Butler 1980). Note that | ‘ ;1
E8 is close to the boundary of the positive anomaly zone. Referring to A

the boring log for boring E21 (Appendix B), the vertical thickness of

« -

PUCWEN .

l‘.r-. '.. .

cavities is sufficient that a negative gravity anomaly should have been

detected; however, boring E22 (52,-17.5) detected no cavities (to its
total depth of 20 ft), and thus it is possible that the cavities at
(57.5,-4) may be small in lateral extent. The gravity data values at

.

(40,0) and (50,0) were two of the ten values deleted before contouring;

I~

[P TP VO Ow TR ey

|
s
1

thus the actual gravity field in this area of the 0 N-S profile line was

not very well sampled. In any event, a significant vertical thickness

Asdoald

of cavities was undetected by the accepted gravity anomaly map at the 5;32;

location of boring E21. e
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PART VI: SUMMARY AND CONCLUSIONS

Summary

76. This report presents the results of surveys using two geo-
physical methods, microgravimetric and magnetic, at the Medford Cave
site, Fla. As part of a larger research program, the objective is to
assess the applicability of the methods for the detection and delinea-
tion of subsurface cavities. Results of the assessments in this report

and others to follow give guidance for planning and conducting site in-

vectigations in Kkarst regions (or other areas where subsurface voids are
suspected, such as abandoned mines). The motives for including geo-
physics in a site investigation program are twofold: (a) economics--a
combined geological, geophysical, and drilling program can more economi-
cally achieve the required site definition than a closely spaced compre-
hensive drilling program alone, and (b) overall site characterization--
geophysics coupled with selective drilling can often reveal geological
patterns at the site which can be missed or overlooked in comprehensive
drilling programs.

77. The two geophysical methods discussed in detail in this re-
port are passive potential field methods. Their use is indicated for

site investigations where anomalous site conditions such as faults,

cavities, or other solution features, lateral density changes, etc., are
expected or possible. Results of a third geophysical method, electrical
resistivity surveying, are presented for correlation with the gravity
and magnetic results. Two types of interpretation of the gravity data

are presented: qualitative and quantitative. The qualitative interpre-

tation method uses gravity anomaly maps to locate anomalous zones in
plan. For surveys in karst areas, if residual anomaly maps are prepared,

then all negative anomaly areas are suspect and should be selectively

drilled for verification. It should be remembered, however, that local- :';"'

ized relative lows may be indicative of small solution features even if tik?l

located in positive residual anomaly areas. Quantitative interpretation }i}f‘fi
RN
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of selected gravity profiles is illustrated and seen to agree fairly 21
well with known subsurface features.

78. Importantly, this report considers and illustrates the value T—d

of complementary geophysical surveys for site investigations. In par- igﬁiﬁ

ticular, profiles of gravity, resistivity, and magnetic data are ex- 'ffif

amined and compared to the results of a verification drilling program.
Simple, qualitative criteria, such as given in paragraph 61, allow pre-
dictions as to the cause of anomalies which can be correlated on two or

more data profiles.

Conclusions

79. The magnetic method appears to be of rather limited useful-
ness for geotechnical investigations including cavity detection in
karst areas, although magnetic methods have been used very successfully
for locating abandoned mine shafts at shallow depths. The magnetic
method may also be of value in the detection of very shallow clay-filled
cavities or pockets. Although some correlation was observed at the
Medford site between magnetic anomalies and other geophysical anomalies
and with geological conditions revealed by drilling, the magnetic survey
in general did not yield results which were of value in defining this
site. However, since susceptibility measurements were not made on the

clays and limestones at the Medford site, a general statement cannot

be made regarding applicability at other sites in karst areas where a
larger clay-limestone susceptibility contrast might exist. In any event,
it is unlikely that a clay~filled cavity or pocket will be detectable in
a magnetic survey if its size is not of the same order as its depth of ~.
burial or if the depth to the top of the feature exceeds about 10 ft
(3 m).

80. Microgravimetric methods are of more general applicability

for geotechnical site investigations. At the Medford Cave site, the ‘®

, results of the microgravimetric smrvey successfully delineated in plan

}5 the known cavity system, which varied in depth from about 10 ft (3 m) to )

about 30 ft (10 m) to the top, and led to the discovery of unknown ;f;[i:
. ~. te i
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solution features and trends. Comparison of a gravity profile line with
a detailed geologic cross section revealed excellent correlation with
small-scale clay pockets and limestone pinnacles and detected a known
cavity which passed beneath the profile line at a depth to center of
about 24 ft (7.3 m) and with an effective diameter of 9 ft (2.7 m) for

a depth-to-thickness (diameter) ratio of 2.7. Six selected negative
anomaly features were specifically drilled for verification purposes,
and all borings intercepted air- or clay-filled cavities or clay- or
sand-filled pockets in the limestone. Of 11 borings in positive anom-
aly areas, only 3 intercepted cavities.

81. The cavity system was adequately detected and delineated
using a 20-ft (6.1 m) station spacing.* A station spacing of 10 ft
(3 m) allowed detection of small-scale cavities and other solution fea-
tures in the top of the limestone. For a reconnaissance survey of simi-
lar sites, a station spacing of 20 ft should be adequate for detecting
zones with solution features that might pose threats to bearing capacity,
for example. Of course, the adequacy of a gravity anomaly map prepared
from data obtained with a given grid spacing depends on the purpose of
the site investigation. If detecting small-scale solution features is
important, such as the limestone pinnacles and clay pockets at this site,
then clearly a grid spacing of 20 ft would be too coarse for definition
or delineation.

82. Even though it has been stated that the microgravimetric
survey delineated the known cavity system, the significance of this
terminology must be emphasized. First of all, the gravity anomaly maps
detected the location in plan of the known cavity system. Next, the

complex gravity anomaly due to cavity system correctly defined the known

directional trends of the system. Qualitatively, the magnitude and
areal extent of the complex anomaly give an idea of the sizes and depths
of the cavity system. Assumption of a simple grometry allows quantita-

T3 tive estimates of size, depth, and density contrast. Although the

* A station spacing as large as 40 ft would have allowed detection of
the main cavity system, although orientation trends would not have
been well defined.
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gravity anomaly maps, particularly the map for a 10-ft grid over the

R cavity system, suggest more than a single solution feature for the west- 3 '7}

southwest extension of the cavity system, for example, the individual o
ﬁé cavities are not individually resolved. Indeed, for the gravity anomaly .

b above two cavities at the same depth to be resolved (i.e., separated fﬁ{a)

into two separate anomalies), the separation of the cavities must be

about 1.2 times the depth (Butler 1980). Thus, the occurrence of multi-
ple cavity features close together will result in a gravity anomaly
which is the superposition of the individual anomalies and may not indi-
cate the separate features.

83. Using simple model assumptions, computed depths to tops of
cavities agree to better than 25 percent, thicknesses to better than

40 percent, and areal extent of cavities to better than 15 percent of

known cavity dimensions. These percentages are completely model-
dependent and in no way reflect the accuracy of the survey or the micre-
gravimetric technique. In general, since indicated geophysical anoma-
lies must ultimately be drilled at least selectively for verification,
the location of anomalous areas in plan is essentially all that is re-
quired from the geophysical surveys. Use of gravity data to estimate
depths to features causing anomalies, however, can be accomplished with-
out much expenditure of time and can be of value iu some cases.

84. Three conditions can limit the applicability of microgravi-
metric surveys to site investigations in karst areas. The first condi-
tion is extreme topographic variation. As can be seen from Figure 17,
however, the number of stations significantly affected by the sinks at
the Medford site is not large. The manner in which the extreme topo-

graphic feature will affect gravity data can often be predicted even

though it may be difficult to apply proper terrain corrections. The

second condition is the presence of a high level of lithological noise,

which is simply defined as gravity fluctuations due to shallow, lateral
density variations. Lithological noise can arise due to lateral changes Q
in soil type or, in the case of the Medford site, due to fluctuations in
depth to top of rock beneath a thin soil cover. Although the detection

of a pinnacled limestone surface such as shown in Figures 5 and 14 is an
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important objective, the lithological noise from the pinnacled surface ;i";lg
may mask gravity anomalies caused by underlying cavities. Even though ':'1iﬂ
the émplitude of the "noise" level on the right side of the profile in fir_“
Figure 4la is about 20 pGal, this does not necessarily imply that the ?{;T\j
detectability limit for cavities is limited to anomalies greater than ;fﬁ;iz
20 pGal, since the anomalies due to deeper sources will also have longer :;ix_'
spatial wavelengths. In any event, the presence of lithological noise "_
will complicate the detection of anomalies due to the small cavity fea- : 4
tures. The noise at the Medford site did not interfere with the delinea- wi}j
tion of the known cavity system, although the amplitudes of the anoma- ,';;g
lies over the main cavity system may be larger or smaller in places due "'“:
to the noise. The third condition which can limit the applicability of '““533
microgravimetric surveys results from the resolution considerations in 5;1; f
paragraph 82. If there are multiple cavities or other solution features ) .
which are close together, the individual cavities may not be identified. '54
That is, an isolated cavity may be easier to detect than a similar cav- fj:f]j
ity surrounded by many other cavities; in such a case, the gravity i?;f;é
anomaly produced by the cavity complex will be detected as a superposed :i;?ii
anomaly. _‘:0‘-' )
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9;; _ General Surficial Geology

P
T}

1. The Medford Cave site is located in East Central Section 38 T
13 S, Range 21 E, Marion County, Fla., approximately 1.1 miles south of
the Post Office in Reddick, Marion County, Fla., and west of old US 441.

2. The land is partially in woods, and the remainder is used for
cattle grazing and crops. The water drainage is interior with no sur-
face streams present. Ponds, sinks, caves, and open limestone quarries
aid in water recharge to the underground Floridan aquifer. Rainfall
seeps rapidly through the sand and clayey surficial'materials and con-
tinues downward to the potentiometric surface of the Floridan aquifer.
In this area of Marion County, the potentiometric surface stands at
about 50 ft above mean sea level. There are very few natural outcrop-
pings of "Ocala" limestone in the area because of the overlying thin,
younger formations and yet more recent alluvium. The "Ocala" limestone
is apparent in sinks and caves and where surficial residual boulders are
present. Man-made outcrops of this limestone occur in roadcuts and
limestone quarries.

3. The local relief in the Medford Cave area is about 110 ft.
This relief is due to solution of the soft underlying limestone. Typ-
ically, the higher hills are capped with quartz sand, clayey sand, and,
in some instances, clay. The sand and clayey sand is generally much
thinner on the sides of the hills, and much thicker in the low areas at
the foot of the hills.

4. Many active and inactive limestone quarries occur in the gen-
eral area. Commercial grade limestone is present in many counties of
Florida. In the Marion County area, however, the high elevation of the

top of the limestone results in a greater quantity of limestone avail-

able for mining above water level. These higher limestone elevations

have made it possible for karst feature development to proceed to greater
maturity. Caves, open sinks, clay-filled solution pipes, open-solution ;;f;ﬁ
pipes, and horizontal-filled and open conduits are typical of these j‘ff?

higher limestone areas.
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Ocala lift

5. The Florida Plateau is composed of a thick series of shallow
marine deposits, dominantly limestones, which are underlain by rocks of
Paleozoic age. The core of the Florida Plateau is composed of metamor-
phic and igneous rocks. These crystalline rocks occur at great depth.
There is little evidence that the limestones of the Florida Plateau have
undergone extensive deformation, though the elongate Ocala Uplift of
Post-0Oligocene time created positive areas in Florida. The central axis
of the Ocala Uplift trends NNW, and the oldest rocks within the uplift
area are located in the center of the dome in Levy County, Fla. Here
the dome has been truncated by erosion, exposing the Avon Park Formation
of Eocene age. Levy County is in northwest coastal peninsular Florida.
The formational dips in the vicinity of the Ocala Uplift vary from 2.5
to 12 ft per mile. The limits of the Ocala Uplift exceed 165 miles in
length and 60 miles in width.

General Stratigraphy

6. The general stratigraphy of the Medford Cave locality is rep-
resented by rocks of Eocene through Recent age. Eocene is the oldest
series of rock units exposed in the State of Florida and is the princi-
pal age of rocks encountered in the Medford Cave area. The Medford Cave
area lies near the east-central flank of the Ocala Uplift. The top of
the oldest outcropping formation associated with the Ocala Dome is the
Avon Park Limestone of Eocene age (Claiborne stage). The area of the
cutcrop of the Avon Park Limestone lies approximately 33 miles west-
southwest of the Medford Cave locality. Near the Medford Cave locality
in Section 2, T 13 S, Range 21 E, the Avon Park Limestone top is re-
ported to occur at a point 8915 ft below sea level. This detection of
the top of the Avon Park Limestone lies about 2.45 miles northeast of
the post office in Reddick, Fla., or approximately 3.4 miles northeast
from the Medford Cave locality.

7. Overlying the Avon Park Limestone in the Medford Cave locality
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are the Inglis, Williston, and Crystal River Formations. These latter

three formations are of the Ocala Group of limestones of Jackson stage.
The Oligocene series of rock formations are missing in the Medford Cave
area, but a portion of the Miocene series is present in the area. The

Hawthorne Formation of Miocene age overlies the Crystal River Formation
of Eocene age. The unconformity is sharp. Overlying the Miocene Haw-

thorne Formation (limestone) at the Medford Cave area are Recent clayey
sands and sands.

8. Based on microfaunal data, the Eocene limestone tops (Avon

Park, Inglis, and Williston Formations) vary appreciably in elevation
relative to sea level, even over short distances. This is due not only
to a regional dip, but also due to an uneven depositiona)l surface. Re-
ports resulting from drill hole data show the Williston Formation top to
stand at 13 to 18 ft above sea level in Section 2, T 13 S, Range 21 E,
or 3.42 miles northeast from the Medford Cave locality; and, additional
reports show the Williston Formation top to stand at 65 ft above sea
level at Kendrick in Marion County, which is 6.86 miles south of the Med-
ford Cave area.

9. Based on the above data, at least 80 ft of limestone of the
Crystal River Formation are present at the Medford Cave locality. It is
within this stratigraphic unit that Medford Cave is developed. The next
underlying stratigraphic unit, the Williston, will be at least 25 ft in
thickness. The Inglis Formation is about 75 ft in thickness. Thus, the
total thickness of the Ocala limestones in the Medford Cave area is
about 180 ft. The three Ocala limestones, Inglis, Williston, and Crys-
tal River, have been delimited to a great degree by microfauna content,
and many accurate lithologic and faunal well studies have yet to be
completed in order to determine formational tops, bottoms, and thick-
nesses. Geographically oriented accurate lithologic cross sections do
not exist.

10. The Ocala limestones are generally very pale orange in color,
though they may appear white. The Inglis Formation is the hardest of
the three formations, the Williston is intermediate in hardness, and the

Crystal River Formation is the softest of the group. Identification of
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the three formations is generally made by microfauna, although the

.f}: Inglis Formation in some areas contains as much as 44 percent magnesium :ifi
‘;i. carbonate, and is light gray to medium yellow-brown in color. Gener-
: ally, though, the Ocala limestones are nearly pure calcium carbonate

(98 percent).

ii:; 11. Overlying the Ocala group of formations at the Medford Cave
locality are outliers of the Hawthorne Formation of Miocene age. The

Hawthorne Formation is 3 to 8 ft in thickness and is a hard molluscan

.
B,  «
. -

.

limestone. The Hawthorne limestone is plate orange to cream in color

and is crossbedded in some outcroppings. The limestone contains a pro-

_ lific assemblage of fossil snails and clams. This basal, hard, Haw-
ASE thorne limestone forms a "cap" on the higher hills in the Medford Cave
o area.

12. Overlying the basal Hawthorne limestone is a Hawthorne clay.

This Hawthorne clay is medium blue-green in color, soft to "blocky" in ?E:

texture, and is composed of the clay mineral attapulgite with a minor
amount of the clay mineral montmorillonmite. Frequently, the clay is R
slightly sandy and silty and may contain thin stringers of nearly pure ;}ﬁﬁ
silica sand. The silica sand is generally parallel to the bedding plane '@}:
of the clay. Overlying the Hawthorne clay is a sandy, clayey Hawthorne
bed containing phosphate pebbles. This phosphatic bed is overlain by a .
Recent clayey sand, which is in turn overlain by a Recent very slightly
clayey sand. The complete geological section characteristic of the Haw-

thorne Formation is found on the higher hills in the Medford Cave area.

Jointing

13. There are few data that indicate faulting has occurred in the
:;3 Medford Cave area of Marion County. Although, there are few data which
x would indicate fracturing of the rocks resulting from intense faulting
and folding, jointing in the area is apparent. Joints in the central
Marion County area have been found to strike N 15 to 25°W, N 80 to 83°W,

and N 33 to 35°E. The joints are near vertical and show little or no

displacement. The joints occur as closed joints or are open as the 'iiﬁ
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result of solution of the limestone by groundwater movement. In in-
stances where the joints are occupied by moving water, the water has
followed the joint patterns of least resistance within the soft lime-
stone and has moved downward and laterally toward the potentiometric
surface. Upon the widening of a joint set, the moving water may form a
cave such as Medford Cave. In time these water-worn joints may become
filled with clays and clayey sands. These clayey sands are water-
transported from the overlying Hawthorne and Recent Formations. These
features appear in a quarry wall as a "filled" cave.

14. Near-vertical chert (flint) dikes occupy joints. These dikes
can be 50 ft or more in vertical extent and as much as 2 ft in diameter.
Upon outcropping, these chert dikes may strike as much as 600 ft on
level ground. Any one of the three joints may either by closed, chert-
filled, or may serve as a water conduit. A preferred joint direction
is chosen by the moving water, this being that joint most parallel to

the downward gradient of the potentiometric surface.

Limestone Surface Features

15. The limestone surface in the Medford Cave area is locally
highly irregular, due to solution of the soft Crystal River limestone
and the subsequent development of karst features, such as sinks. In
some localities at the Medford Cave site, a protective layer of more
dense limestone (Hawthorne) is present and has inhibited the development
of sink activity in the underlying limestone. Other masses of dense
rock materials which influence sink activity are chert masses. These
masses not only occur as chert (flint) dikes, but will occur parallel to
the limestone bedding plane. The limestone bedding planes are near hori-
zontal; therefore, the long axis of the chert masses are also horizontal.
The chert masses are generally lenticular in shape and may be as great
as 10 ft in thickness and 20 ft in length. These chert deposits can be
as thin as 1 in. and 5 ft long, all of them parallel to the limestone
bedding plane. The chert masses are quite dense and hard and apparently

were deposited during the time of limestone deposition, since individual
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:?; fossils exist in an undisturbed state with a portion of the fossil in
: the limestone and the remaining portion within the chert. That portion
of the fossil within the limestone will be composed of limestone and

that portion of the fossil within the chert will be composed of chert.

No break is evident as the fossil passes from the limestone to the chert.

Those masses of chert which influence sink activity will be present from
the surface of the ground to a point 50 ft below the top of the lime-
stone. Downward-moving water within a solution zone will be diverted by

the chert mass. Lateral or horizontally moving water which encounters a

chert mass may be directed in its movement by the chert mass. It is
evident, from the foregoing, that surface features are influenced by
chert masses at depth or by hard surficial limestone.

16. Vertical relief on the Ocala limestone surface may be extreme.

Where large sinks have developed, this vertical relief may be as great
as 100 ft over a horizontal distance of 400 ft. Most of the sinks in
the Medford Cave area of Marion County are filled with the overlying
younger clays, clayey sands, and sands. The land surface is therefore
smooth and may not reflect the highly irregular underlying limestone
contact. Beneath the overlying clays and sands, the filled sinkholes
appear in plan view as circular in form and may coalesce. In cross sec-
tion, these sink features are cone-shaped or funnel-shaped, with the

greatest width at the limestone surface. Some cone-shaped features have

the greatest width at the bottom and are thus inverted. Other solution
features appear as vertical pipes, circular in form, with little change
in diameter between the bottom and the top. Several generations of

sinks may be present.

17. The interior surfaces of the sinks are undulating and smooth,

and downward-percolating mineral-laden water will result in the forma-
tion of secondary crystalline material on the limestone surface of the

sink. The larger and deeper sinks will penetrate the Floridan aquifer
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and then turn and communicate with a near horizontal conduit. These
conduits generally are aligned in the downslope direction of the piezo-
metric surface of the Floridan aquifer and will attempt to follow a

limestone joint which has been developed in that preferred direction.
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Where these conduits have become filled with clays and clayey sands be- N
neath the piezometric surface, they have been referred to as "seams."
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Hole Ne.
1
or 1 swagvs
1. S1Z8 AND YYPE OF 0T NX Lore
T AT PO CCEV A SO W e |
mm:r-——“
Failing 1500
-7 R 13. TOTAL u&“ ‘. !lllmolo ] UNOISTURBED
\ i
i (E/260,80) El 18, TOTAL cong woxes 1
15. ELEVATION SROUND WATER None
. OATE wot TSTARTED TComPLETE0
Evearicas [Jincringn ofe. FROW vERT. € I 8/29/79 i 8/29/719
7. ELEVATION YOP OF WOLE 166, 2
7. THICKNESS OF ovEnsunoRn 4.8 ft -
18. TOTAL CORE RECOVERY FOR BORING [
s. 0EPYH ORILLED TO ROCK ST NEPEET
- . TOVAL DEPTH OF HOLE 32.0 f¢ W}.
'~ sLevarion| oerru o CLASIPICATION OF NATERIALS R RO Drating X EuARKS
- X A . """‘W é'v. wo. —ig -::.'Zcm"
e 166.2 | 0 ] SAND, dk gray, loose, fine, -
- SI clayey silt organic -
2 —
E Grayish tan E
[ype— o
3 4.8 C
3 CLAY, 1t gray, dry, sl -
6 — silty, w/ls fragwents -
- slt gray-green plastic -
] (montmorillonite) E
8 —
10 — sandy, sl silty —
— e
- pale blue green, sandy -l
12 -
3 w/flecks of Fuller's earth -
14 —] w/ls fragments —
p -
16 —] P
18 < 18.3
i‘ Ls, soft, white*, powdery, | <20
20 - chalky, dry. F---
- v. fossiliferous, v.
22 _-- porous,
-~ clams, corals, forams.
2 |
26 —
-3 40
=
—
28 ——
p
] F—
30 —
b ~0
32 —32.0
—
< —'j
-z. - * Actually v. pale orange
e 3 on Munsell Color Chart
-
= T
.“. 4 M 1836 eauvious zoimions ane ossoLere. l“(°2‘.60.,°80)31
(TRANSLUCENT) MM
S
N A‘
e
-
9
" 4
- - - - - - - - - - —_— .
- . E . 1
e el .'_;'__.L. - - - o - - . a . - o :




Hele Ne.
d T 1
EE&GD USAE WES or ] swasvs
0. $12€ AND TYPE OF Y NX Core
N -
oe Station)
2. BANU UREW'S OLSGWATY v
Failing 1500
HOLE NO. (4¢ ohown on drowing titfe] 3 ORSEN A P aen jousTunseo j umosTURSED
ot o mamben) i (240/80) E3 :
14. TOTAL NUMBER CORE BOXES
15. ELEVATION GROUND WATER No
18. DATE WOL, {evaRTED |comrLEYRD
X venrica. [hwcringo 0Ke. PROM vERT. € | 8/29/79 8/29/79
17. ELEVATION TOP OF WOLE
7. THICKNESS OF QvERBURDEN 5 ] ft
19. YOT AL CORE RECOVERY FOR BORING .
8. OEPTH DRILLED INTO ROCK 9. SIGNAT oF, -”.7“
. TOTAL OEPTH OF WOLE 22,9 ft Ez"
" CLASSIFICATION OF MATERIALS % CORE [sox on AEBARKS
luv:ﬂou u':u ",...:.,u nt.sgv- um.':,.l (Dritling tome, K l:‘o:. dopth of
< *
0 ] Augered -
.- | SAND, br, orgamics _ _ | o
—— e
3 Silty SAND, br :
- -
47 -
pa— —
3 -
— 5.3 -
6] [
= Ls, soft to hard, white¥, -
-~ fossiliferous, —
8 clams, snails, porous, —
= hard to medium hard, -
— with large l-in. porosity -
10 filled with soft 1s —
3 -
127 il
3 =
3 =
14_] -
= -
- -
— — e e -
167 -
- [ MASSIVE CORE LOSS -
18 —— -
20— —
221 —
= 22.9 -
247 —
3 -
— —
- C
3 g
— p—
— f—
= -
= —
- -
- =
-4 -y
— [—
: * Actually very pale -
-4 orange on “unsell Color -
—1 Chart :_
— —
-4 -
-4 —
-4 -
1 veane ere woLE %o,
wanyr 1036 sesviews em Y N (240,80)E3
(TRaNRYCEN T
- ——— - - - - - - - L T T T -.——4
A 2 T P . ey o ra e - . b} - .L*




Helv -.0.

D ik TWSTALCATION T
- DRILLING LOG EE&GD USAE WES orl sweEys
. V. PROJECT 10. SIZE AND TYPE OF BIT  NX
Medford Cave Site T o -
[X TION (Coordinates or Station)
ion Countv, FL 2. MANUFACTURER'S DESIGNATION OF ORILL
3. ORILLING AGENCY
Failing 1500
USAE WES 13. TOTAL NO, OF OVER. | DISTURSED TUNDISTURBED
4. HOLE NO. (As shown an drawing Ml‘.! BURDEN SAMPLES TAKEN E z
and e mumied i E4 (230/80)
N ANE GF DRICCER 14. TOTAL NUMBER CORE BOXES
arrie 15. ELEVATION GROUND WATER None
€. DIRECTION OF HOLE 16. DATE NOLE jsTanTED !cwulvxn
XIvenricae (TJincuingo Ofe. FROM VEAY. ) ! 8/28/79 H 8/28/79
17, ELEVATION TOP OF WOLE
7. THICKNESS OF OVERBURDEN 4.7 ft
18. TOTAL CORE RECOVERY FOR BORING .
. DEPTH ORILLED INTO ROCK 19, SIGNAT, OF, (N3P OR
1 . YOTAL 0EPTH OF HOLE 28.4 ft A
s €R| % CORE |@OX OR REMARKS
e gLevaTion| oerTn |LecewD) A ATERIALS RECQV- [SAMELE | (Drtting e, mater lnas, dopih ot
S . 13 (3 4 [ L] [
. 0 Augered
= Silty SAND, br, organics
2.7 —
3 —
46— .
~ 4.7 -
] Ls, white*, med. hard, I~
6.—] porous, fossiliferous —
- Moulded porosity w/fine —
= crystalline calcite in —
8] voids (Tampa-Hawthorne), =
- |_ w/dense 1s at 8.6-9.0 ftr | E’
10__:1 Limestone, white, soft —
— (Ocala), hard zone 8.6 to —
= 9.0 ft -
12— —
1] —
16— -l
18 —1 il
- 3 Coral, clams -
20— —
= -
22 — —
24 ] il
26 —1 il
- =
pm [~
- -
B— 25.4 —
30— —
3 -
— p—
e [
= -
—-_—_ * Actually very pale E—
] orange on Munsell Color -
3 Chart -
3 =

G“:?'““ 1836 rrevious LoiTions ang ossoLETR. FRosgcY l "a(;iJ(:.SO)EA
(TRANSLUCENT)
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Hele Neo.
CIViESN TNSYALLATION HEET |
DRILLING LOG | EE&GD USAE_WES or 1 sweavs
. PROJECT 10. SIZE ANO TYeg of siv N\ Lore
Medford Cave Site W -
T LOCATION (Coordinetes or Station)
ounty, FL 12. MANUFACTURER'S DESIGNATION OF DRILL
Failing 1500
12. TOTAL NO. OF OVER- lml?ulllb E UNDISTURBED
(€ WOLE NO. (Ae shown on @ewing fitie] BURDEN SAMPLES TAKEN | ;
and tle manbed (220,80) ES5 :
14, TOTAL NUMBER CORE BOXES 1
Harried 15. ELEVATION GROUND WATER  None
16. DATE HOLE !l'l.'lo !CG,L.Y'D
X)venvica. [JincLingD _ o ORG. FROwW venT. | | _.8/28/79 i 8/31/79
17. ELEVATION TOP OF HOLE
7. THICKNESS OF OVERBURDEN 9 ft
18. TOTAL CORE RECOVERY FOR BORING L)
8. DEPTH DRILLED INTO ROCK W SIGHATURE GF JNTRECTOR
s. YovaL oEPYH OF HOLE 27.9 tt M
CLASSIFICATION OF MATERIALS % CORE |@ox on REMARKS
€LEevaTion] DERTH |LEGEND A vty RECOV- |SAMPLE|  (Dritting tame, arates fone, deoth ot
L] 13 3 d . f 9
[ -
3 Silty SAND, brown, organic —
2 =l
A—_- CLAY, brown, CH -l
— CLAY, gray, CH, some [
= fossils -
8— -
= 9 -
- Limestone, white*, soft, —
10— fossiliferous coral —
12— —
— —
3 =
L —
16— —
5 Orange stains @ 17.9 ft -
18— —
] 22— —
= - Chalky, hard limestone -
i b nodules, clams -
: 26— ——
- -
— =
: 26— =i
S5 -
L 3 -
o 283 —
e mad
- - -
e ._] -
o 3 S
. = -
s - o
- — [
." . - [~
G - * Actually very pale orangd -
: — on Munsell Color Chart —
3 =
.G ﬂ!ﬁ:e"" 1836 rrevious zoiTions ane ossorere. PROJECT WOLE RO
- (TRANSLUCENT) (220,806)ES
- s
- - - - - - - - - - - . -
PR PRI W e s - P PP P




Helo No.
17 ™ W ]
DRILLING LOG T EE&GD USAE_WES or 1 swexvs
10. SIZE AND TYPE OF BIT NX Core
Medford Cave Site ’ “
L L TION (Cocrdinetes er Statier)
Marion Countv, FL 12 MANUFACTURER'S DESIGNATION OF DRILL
3. ORILLING AGENCY Failing 1500
- 13. TOTAL NO. OF OVER- | DISTURBED TUNDIsTURSRD
4. HOLE NO. (Ae shown en drawing “lll! BURDEN SAMPLES TAKEN | H
ardd file numbded H (210,80) E6 A
o WANE OF DRICER 14. TOTAL NUMBER CORE BOXES 1
Harried 5. ELEVATION GROUND WATER  None
6. DIRECTION OF WOLE 18, DATE HOLE |9vARTED !C”LIYID
Elveavicar [Jincuingd oze. rrom venr. | | 8/28/19 : R/I28/79
17. ELEVATION TOP OF HOLE
[7. THICKNESS OF OVERBURDEN Z fr
18. TOTAL CORE RECOVERY FOR BORING *
8. DEPTH DRILLED INTO ROCK ™.  INPECTO!
3. TOTAL OEPTH OF WOLE 28.0 ft z\
CLASSIFICATION OF MATERIALS - REMARKS
ELEVATION 0!:7!0 LEGEND| (p...,‘.“.‘, (Dritting lh...:l'u"l:‘.;..“‘ﬂhol
. € [ ]
4] Siltx SAND, br -
— p—
_— CLAY, brown, CH, siity —
. -
4 -
3 Limestone, very soft - — = wE
- Small tool drop (0.2') &
6—3 0 at 7.6 ft —
8—_ Ls, white, med. hard to hard|_ .29_- —
- fossiliferous, clams 31 ;
10 1 Orange stained at 8 ft - — - —
12 ‘3 Soft —
14 ] —
— == -l
= Orange stained @ 14.6 ft r E
16 1 25 —
3 -
18 — [— - '—E
20 —] 74 il
b =
- -
22 —f -
- p— [
24 —] =
— p—
3 38 -
26 —] ol
- -
3 —
28 —] 28 —
3 -
_: r—
3 = A
= -
- — g
3 3 :
- - .
3 o f“*‘T
- * Actually very pale — B
— orange on Munsell Color - o 1
j Chart - ~ - *
— R
- - ity
3 = )
~ o NEEE
ENG FORM 1836 pacvious £0iTions ans OssOLKTE. FROsECY lw o
MAR 7} (210,80)E6 -
(TRANSLUCENT) 1
.3
R
T
-3
p
. L
TG — - - - - - - - - - - - .
e e e e e . [ . — o - e e e ————y
1
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Hele No.

iBh CATION ToeEEY 1
EE&CD USAE WES ]ov ] $neeTs
0. $ITE AP TYPE oF st NX Lote
ord Cave Site . o
ON (Caardinatos o Station)
El [T, WANUFACTUNEN'S DESIGNATION OF ORILL
> DA Ao Failing 1500
USAE WES 13. TOTAL NO. OF OVER- oisTURBEO j UnisTURSED
& WOLE NO. (Ae shoun on @awing ttie] BURDEN SAMPLES TAKEN | H
oot o mamben) {E?7_(200,80) "
o RANE OF GRILLER = 14. TOTAL NUMBER CORE BOXES 1
Harried 15. ELEVATION GROUND WATER None
6. OMECTION OF HOLE {sTamreo icomrceven
£RAvemrican [incLingo ote. Faowm vaay. |4 OATE HOLE | 8/28/79 i 8/28/19
17. ELEVATION TOP OF NOLE
7. THICKNESS OF QVERBURDEN 2.2 ft
18. TOT AL CORE RECOVERY FOR BORING x
8. DEPTH DRILLED INTO ROCK . SIGRATUNE OF INSPRCTOR
. TOTAL DEPTH OF WOLE 7.7 ft ﬂ ; N
CLASEIFICATION OF MATERIALS LEORE 180X On . REMAAKS
|uv:1uo- ou:u uo:un m,,.;.,_, n{&v u::o-'\.! (Deitting time, “-:.-'-7'0::- il
Y = Silty SAND, br, organic -
- -
- CLAY, brown, CH - -
-~ L pe
- £ p—
— Ls, white soft ) —
4 3 E -
—— 3 _—
3 Ls, white*, soft, fossili- C
6 ] ferous, clams -t
= 50 =
— p—
8 7 — -l
— Orange stained -
3 680 fr C Eone 100 Lost circulation -
10 _] —— @ 9.9 ft -
E 3
12 J_ 9% —
14 7] .
16 ] 55 '_
= CHERT, med. hard, brown, =
- w/Ls porosity —— -
18 —
3 Massive Core Loss -
20 T 15 —
~ -
22 - —
24 -
= 57 =
26 ] -
28 o 277 all
3 ...E
3 -
j * Actually very pale -
arange on Munsell Color -
- Chart -
— —
= -
- -
“_G‘m“ 1836 »asvicus zoiTions ant ossoLare. PROJECT -
{TRANSLUCENT) (200,80)E7




k'-_'
=
- Hele Ne.
S I A‘Wﬂm LY |
._'. EE&GD USAE WES or 1 sweevs
-+ “Medfogi Cave Site “—mm‘m.%—-" LU R AL ). 3
. - -
".- . ‘eerdinates or Station)
FL 1. AN o SGNATT ey
Failing 1500
S 3. TOTAL NO. OF OVER. THETURRED Tun JaTuRSED
;' . e, 20.”:0. (As shawn on drewing ml-l§ (190,80) E8 BUADEW s uun! H
- . 14. TOTAL CORE BONES 1
- - 15, ELEVATION GROUND WATER None
- o e DATE wOL TeTamTED TComrLivED
." - Eivenvicac {TJiwcLiNED = OK8. FAOM VERT. pave . | 8/28/79 ; 8/28/79
Jae 7L
I 7. THICKNESS OF GVERBURDEN 4.2 ft T GLEVATIONTOP OF nout
18. TOT AL CORE RECOVERY FOR BOMNG [
o. DEPTH DRILLED NTO ROCK [ STonATURE Ton
9. TOTAL DEPTH OF HOLE 26.9 ft
| CLASHFICATION OF MATERIALS Sone ATVARKS
-uv:ﬂou ol:vu ‘.:o:no ,,._,:“_, =l‘§gv 3 (Druiing tume, water 200, depth ol
v ] b
= Silty SAND, br, organics -
2.7 -
= ° -
= : -
-1 CLAY, br-gr, CH 3 -
[ 3 -
— al 2 :._
] Ls, white, soft -
6-—1 -
3 6.8 -
= -
8] Ls oor qualit soft -
pn » P 4 ¥ Lost circulation -
. 3 85 @ 8.2 fr =
3 —
= -
127 very soft zome S— —
11"__' Orange stained zomne 98 —
= @ 16.2 to 14.8 ft -
lﬁ-ﬁ_ Clams, oysters —
] e — ‘—y— - e e ey e el e o —
- CHERT, w/Ls-filled pores 12 Massi L -
- ssive core loss
18 CAVITY E—
j e T R S — -
zo.a il
2.9 219 -
- Ls, some orange stain, -
3 fossiliferous -
24 -l
3 30 —
26— =
p 26.9 -
3 -
- -
= -
- —
- —
3 [ R
E E - .-'- .ﬂ
- E— B
3 - .
= o)
BRI
":3:?'.“ 1836 srevious cortions ane oesoLere. FrosECT '(?9'0";0) 8 -@
(TRANSLUCRNT) * R
9
1
4
-]
e
eSS YT T TR T 7 IR T - _f‘_'—’f’T"—" ST T T T T] - . T - S B .- -
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L aman ceopeeTy - e v - v M
Heole Ne.
A [GViBIoR ™ et |
e DRILLING Loﬁj EES&GD USAE WES or 1 tueers
e N 10. SIZE AND TYPE OF BIT __ NA LOTE
. Medford Cave Site - -
L.. - X eardinates ov Statiow)
2 L1 Y FL 7. WANUFACTURER'S DEBIGNATION it
RILLING AGENC
Failing 1500
USAE WES 73. TOTAL NO. OF OVER- GISTURSED TUNGIBTURRED
T 4. HOLE MO. (Ae shewm en drawing title] BUADEN SAMPLES TAKEN ! :
e ond e masbed {E9 (180,80) :
b T NANE OF BRILCER 14. TOTAL NUMBER CORE DOXES ]
e Harried 15. ELEVATION GROUND WATER None
A [¢ oimEcTion oF woLE . oATE woLE TSTARTED TcourLEvED
o D varvicaL [JwcLingD ____________ OS48. FROM VEAT. l 8/22/79 i 8127719
17. ELEVATION TOP OF HOLE
7. THICKNESS OF OVERBURDEN 7.8 ft . "
6. DEFTH DAILLED INTO ROCK |: ::’IA::: lo: 7“":" s >
9. TOTAL DEPTH OF HOLE 26.5 ft
| CLASSIFICATION OF MATERIALS 2 cone lwox on REuARKS
gLEVATION| DEPTH |LEGEND) (Dosarttied RECOV- [SAPLE |  (Druting 1ime, water loss. duehof
L] » < d [] [} [
0 E Silty SAND, br, organics -
2 _] -
3 g =
= o -
4 7] 5 C
— o0 -
3 CLAY, gr, CH 2 -
6 -] e o - = — il
- CLAY, br-gr, dry, crumbly -
8 :_ . -
] Ls, white w/brown silty -
— CLAY, (weathered Ls) 28 -
10— —
= I IS —
- Ls, white, soft 100 -
14 — —
- -
= E_
16 = -~
3 Soft to very soft -1 -
18 - Diagonal solution channel 44 -
- from 16.5 to 17.5 ft, very —
s ined
20 —] porous, orange sta * Lost circulation E‘
- approx. 1/2 in. wide N @ 21.5 ft
22 __Soft, fossiliferous - -
2 CAVITY 12 Tool drop, 22-25 ft —
3 Ls, white, soft -
26 E —
3 —
— —
. - -
. - —
. 3 -
. — —
. -~
E 3
= - .
ENG FORM 1834 raevious cormions anE ossoLeTe. FRosECY |"°tlis"(',"' 80)E9 @ 1
(TRANSLUCENT) ———t
-
K
4
-9
e —— - - - - - - - - :_w___.o- - - - .
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o Hole Ne.
’ = JWSYALCAVION B L)
EE&GD USAE WES ]o- 1 swaevs
w0 10. 128 AuD TYrE oF 8T NX Core
Medfotd Cave Site - -

Hation (:ountyL FL mmmnmmmm——j
CoAR s Failing 1500

—eee ]
3. TOT. oF METURORD 1 UNDISTURBED
€ HOLE NO. (4e S on drawing cicte] P Ay AR A5 n! H
ant file numbed

iE10 (174.3,80)

14. TOTAL NUMBER CORE BOXES 1
15. ELEVATION GROUND BATER None

DATE WOLE IsTaARYS )g” l 20
X)vemvicac [Jincuingo ORe. FROM VEAT. * l 8/21/79 ; 8727719
17. ELEVATION TOP OF NOLE
[7. THICKNESS OF OVERBURODEN 12 .4 fC
18. TOTAL CORE RECOVERY FON SORNG .
. oEPTH ORILLED mTO ROCK . BGNATURE O] IIRETCS 7
9. YOTAL OEPTH OF HOLE 12.6 ft
asone |sox on omanxs
sievarion] oeeTH [Legenn|  CLASHPICATION OF mATERIALS Recov. u'.-gu aring Ly .:. lose, depth of
) 3 . () (]
3 Silty SAND, br, organics C
2. —
4@: CLAY, gray, CH E
- -
6—3 -
8 ny
= 3 =
]
o 5 =
1 &
3 E =
12— —
- Ls, white soft —
14 % —
3 -
= -l
= -
-— =
- - -
p —
= —
- ~
= =
pm -
= —
3 —
- -
— —
— -
- -
— —
- e
] -
i [
— e
3 —
3 =
3 WOLE WO,
Pyl PORM 1836  srevious zoiTions ane ossoLere. I (174.3,80) & i
ITRANSLUCENT .
N
.-
- 4
- - - - - - - - - - - ~ .
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Helo Ne.

"TRIVALLATION Tty 1)
DRILLING LOG EE&CD USAE WES ]o- 1 swears
i 0. $1Z€ AND TYFE OF BIT ~
Medford Cave Site T BAYUR Far TCTvRTo- SHowk Hhr = amry————————
nates ac Siation)
FL___ 12, MANY {3 SIGNATION [y
(Ae shown en Goning " :3:&:&&?"1";“ E."‘n.'n imorsruaseo

vete]
{ E11 (170,80)

14. TOTAL NUMBER CORE BOXES 1
185. ELEVATION GROUND WATER None

"'AQ'.'D !‘”L.'-ﬂ
Civanvicar [(iwcLingo ORG. FAGM VERT. |6 DATE woLE i 3‘& 7‘22 : 1‘17‘ 29

17. ELEVATION TOP OF HOLE
h. TuickuEss or ovensunoen 6.2 Ft
18. TOTAL CORE RECOVERY FOR BORING L)
o. DEPTH OAILLED 1NTO MOCK

[ sionaTURE O ToRn
s, TOTAL OEPTH OF WOLE 26.6 ft m 1

T
oa'l- ‘D‘OI u. P ATMARKS
oy L waies loos, degth
n'o. ....":.‘.‘.': ora it num-d“
]

o

b
sLEvavion| oeeTr [Lecenn A 1 ey T ERIALS H

b
%

(STIEy SAND, b, orzanic — 1

CLAY, gr, CH

4]

&

Ls, white*, soft to very
soft, very fossiliferous,
clams, very porous 70

[
(=]
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90
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18
High angle fracture @ 18 ft | 92
20
22 Paste at approx. 21 to T
21.5 fc
% 0
26
d
aff‘:e,'“ 1836 ragvious EcnTions Ane OBSOLETE. 01667 - ‘. 1
(TRANSLUCENT) (170,80)E11
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- p—y np—— v
Hals No.
i (71 3
ORILLING LOG EESGCD USAE WES Io’ 1 suears
104 0. 1TE Ao TYew or Y NX Core
Cave Sjte - -
eardinates o¢ Station)
EL 1Z. WANU, GRATT (<"
Failing 1500
13. TOTAL NO. OF OVER- | osTURGED t unDisSTURBED
. (A6 shown on drawing title] BURGEN SAMPLES TAKEN | ;
i El2 (160,80)
14. TOTAL NUMBER CORE BOXES 1
15. ELEVATION GROUND WATER None
DIRECTION OF HOLE tsTanreo | cOMPLETED
15. DATE HOLE H
IXivanricar [(Jiwcumso ____________ OKe. PROM VERT. l 2/27/179 it 8/27/79
17. ELEVATION TOP OF MOLE
7. Ymceugss or oversynoEn 3 ft
AT p——— rl TOTAL CORE RECOVERY FOR BORING [y
19. SIONATURE 3]
9. TOTAL DEPTH OF HOLE 22.4 ft ml;/izl
sLevaTion]| oerTh |LEcEND) CLASHIPICATION OF MATERIALS H A iR gy 4
(Dossriprian) AT [PAHorT| Tk me e b e
. ] [ 4 [ ] 9
0 Augered
Silty sand, dk. browm,
2 organics

&

>

@®

=3
(=]

—
[

=
&

—
o

=]
-

N
(=]

~
X3

Ls., White*, soft, v.
porous, fossiliferous
clams

-

80

56

b o

Lost water at 17.4°

Chert, large pores filled
w/v. soft Ls

Lost all core below 19° R

nuJuulnuIlnllunluulnulllllllllllllu_lnllllluhlllhullllllIllillLLulllullllllllll

Poor quality core.
Pieces badly washed
and broken

Lost circulation @
17.4'

Recovery estimated tc
be O
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NG FORM
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PROJECT
S EOITIONS ARR OBSOLETE. "o
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Hele Ne.

T ™ (w WetT 1
DRILLING LOG EE&GD USAE WES ]or 1 sueers
V. X {44 10. 12€ AND Tvee of ;Y NX Core
Medford Cave Site " -
[X TION (Cosrdinates or Statian)
FL T2, WANUFACTURER § GESIGNATION OF ORILL -
3. DRILLING AGENCY .
Failing 1500
USAE WES . fof‘L NO. OF OV, |ouvunl:o TUNGISTURSED |
4. MOLE NO. (Ae shsums an drawing fitle] URDEN SAMPLES vntt :
vl tiie mambed { E13 (150,80)
T RANE OF DATCCER 2 14. TOTAL NUMBER CORE BOXES 1
| Harried 15. ELEVATION GROUND WATER None
6. DIRECTION OF HOLK 1. DATE MOLE TSTARTED | commLEYED
EIvearican [JincLingo oxe. FrRom veny. | | 8727779 8/27/79
17. ELEVATION TOP OF HOLE
[7. THICKNESS OF OVERBURDEN 2 ft
16. TOTAL CORE RECOVERY FOR SORING LY
0. DEPTH DRILLED 17O ROCK T SIONATURE OF INSPE
. ovaL oeeTe oF woLE 14.8 ft ¢M,‘
CLASSIFICATION OF MATERIALS A CORE 80X OR “"A“S
ELEVATION| DEPTH |LEGEND RECOV- SAmP
GEN (Doseription uvv .v:oLt (Dritting .‘1:," ote., i uaum"
. b < d . ‘ [
0 Augered —
- Sand, dk br, silty, organics -
2 —
= Augered -
. Ls, white, soft -
4] [—
] —_— e e e ——] -
] Ls. white*, soft to very -
e soft, fossiliferous -
6] -
3 96 =
8_ [
10__— Calcite, porous in near - = - -l
— vertical fracture @ 5.3 to —
- 6.1 ft -
12 —} [—
- v, fossiliferous, v. -
3 porous 90 -
14 — e
16— -l
- —
— -
- —
- =
= —
— e
3 -
— -
- -
= -
= -
= -y
- —
- |-
— —
— [~
— .
- —
] [
- nt
— e
= =
— s
- —
3 —
— —
pu -
ENG FORM 1836 » PROJECY HOLE NO.
REVIOUS EDITIONS ARE OBSOLETSE.
MAR 71 6 v (150,80)E13
(TRANSLUCENT)
-~ - - - - - - - -




Hele Ne.
. vn TREVACTAVIGN iy
. DRILLING LOG EE&GD USAE WES l.. 1 sweers
i - T . $IZ€ ANO TYPE OF BT NX_Lore
T Medford Cave Site - -
[¥ or Station)
Marion County, FL 1% UF ACTUREW W uw
[ D.ILL;IuE.s“llcv Faili“s 1500
[EHOLE NO. (4s shawn an drawing fitie] B A A Y Pk | T j unoisTunsso
o o et {E14 (140,80) : .
e AWK OF GWILLER . = 5. YOTAL CORE BoxES 1
Harried 5. ELEVATION GROUND WATER
DIRECTION OF HOLE 6. DATE #OLE STARYEOD !‘0!’&"'9
ERvanticar [MCLINEO _______ _ DKE. FROM VERT. ‘ 8/27/79 i 8/27/79
17. ELEVATION TOP OF NOLE
. TuicknEss or oversumoEn 1.2 f¢
13. TOT AL CORE RECOVERY FOR BORING *
- OLPYH OMLLED INTO ROCK 5. SIGNATURE OF NJPC
s. YoTAL DERTH OF HOLE 14.6 ft 72 A
SLEVATION| DEPTH |4 CLASSIFICATION OF WATERIALY Recou: |06Te (Dv Aewanxs
(Deseription) TRy iling time, water lnss, degth of
. N R . o il'°~ weathoring, u:'. it sigmiticant
o - Augered -
: Sand, dk br, organics =
pu -
2 Augered -
b= Ls, white, soft -
(= [ S DR —
- Ls, white*, soft = : k
— orange br crystals on - o
6 — parting @ 5.3 ft —
3 -
- 74 - N
8 = very fossiliferous — L0
3 L = @
— — Ly
10 — — 4
12— — '
— - .
- 100 Lost circulation @ - -
14 — 15.2 ft —
= — .
- =
- =
16 — —
- —
— —
3 -
bar =
- -
— —
= -
] -
= = L
— - :
= o . N
3 = R
pm -
3 =
- |
E - -
-
ENG PORM 13 34 pnevious corTions ane ossovare. pRosECY | o. @
Han (TRANSLUCENT) (1%0,80)E14 -~
=
.1
A
K
S
|
R
- - - - - - - - - - - - . !
B e i e i et -
~ - . -




Holo Ne.
DRILLING LOG 1 EESGD USAE WES or 1 swesvs |
v 8. $12¢ ANO TYPE OF MT N\ COle
T BAYUR PR EL -
[V7. ANUPACTURENS OCENGNATIOR P BRLL |
Falling 1500
NO. (Ae shwum on drowing tdle] " %Mﬁ .A'll- ! craTuRsEo H vuemsTuRsED
ol o sambed (E1S (130 : -
. 80) 14. TOTAL NUNBER CORE BOXES 1
18, ELEVATION GROUND FATER None
DIRECTION OF WOLE TSTARTED TCowLaThe
(Mvenvican [CICLNED _________ OSS. PROM VEATY. 6. DATE noLe | 8721779 i R/[221/29
1. 0 100 TOP OF HOLE
. Twickwess or ovensunoen 2 ft
18. TOTAL CONE RECOVERY FOR BONING %
5. DEPTH DRILLED INTO ROCK B RORATURE GF
s. TOVAL DEPTH OF WOLE 15.2 fr d\
CLASIIFICATION OF MATERIALS 3 CORE |SOx OR REMARKS
« . "
LEVATION] DEPTH (Deseription) AECov- u‘u’o’" (Dritting time, “-:n.-“l:n. doguh o
° 1] < 4 ° [] »
0 - Augered -
= and, dk br, organics -
2 il
- Augered -
- Ls, white soft -
4—] . T T W—— —
— Ls, white*, soft to very -
= soft C
6—] —
8— 100 —
= -
10— -
12— -
p= -
= -
— -
= -
14— —
3 =
—— e
— p—
16— —
3 =
— [~
o [~
— wlt
— =
3 =
i —
— —
— -
- -
- =
3 =
v -
3 -
3 -
- =
- -
3
-
FORM 0J8C
an o M 1836 sravious sormions ane omsorETE. | (130.80)E1
(TRANSLUCENT)
- g - e P— e+ - -~ P - - - - - - - -




Ly
-

1. PROJECT

R Sartas MaC s i CY wow - Rt Sl L A SEadh Dt
Hele No.
T . €111 44 1
DRILLING LOG EE&GD USAE WES or 1 sugers
10. SIZE ANO TYPE OF 1T NX Core
Medford Cave Site T -

. TION (Cosrdmates or Siatian)
Marion Countv, FL

3 ONILLING AGENCY
USAE WES

12, MANUFACTUREN'S DESIGNATION OF BRILL
Failing 1500

e 2 TR T W L S
oy . .“-'w“".g(lzo,ao) Ela H i
AT o7 BRI i 4. TOTAL CORE BOXES 1
Harried 15. ELEVATION GROUND WATER None
8. DINRECTION OF MOLE 1STARTED | compLETRED
(Rvearicat [Timcringo oue. snou vany. |0 BATE HOLE 1 8/27/79 8/27/79
V7. ELEVATION TOP OF HOLE
[7. TIICKNESS OF OVERSUROEN 2 ft
1§. TOTAL CORE RECOVERY FOR BORING *
8. DEPTH DRILLED INTO ROCK ™, SIGNATURE INSPECTOR
. YOTAL DEPTH OF WOLE 15.3 ft é m
CLASSIFICATION OF MATERIALS % CORE 80X OR NEMARKS
ELEVATION| DREPTH | LEGEND) (Doscription) .‘:g?:v' ‘A::Ll (Dritting I.Q‘zl.."lzz-'“hol
. b [ 4 . [] I
0 = Augered =
— Sand, dr br, organics -
p— p—
2 —] —
3 Augered -
= Ls, white, soft
5 — T S
3 Ls, white*, soft to med. 45 _ —
- hard, broken up - —
6 soft 93 =
] soft, horiz. bedding - ——- E
L plane at 8.4 ftr, porous, -
3 very fossiliferous 100 —
10 7 -
pm —— -
12 [
ha 72 Lost circulation @ —
o -_——— 13.8 ft —
14— Chert, dk brown, v. hard, —
- large voids filled w/Ls -
16 — r_—T
= =
3 =
— —
- —
— —
_— —
= *v. pale orange —
= —
3 -
!"ﬁ:?,.“ 1836 rravious goiTions ang onsoLeTE. FRosECY I"" "o.
(TRANSLUCENT) (120,80) Elt
- - - - - - - - -
—— — i — - v
~
PSP G L TN PR I T G Yur S ey L Ny o

r

4

o |
.

. "1




Hole Ne.

[T T — NSTALLAVION ERT 1]
DRILLING LOG EESGD USAE_WES Io' Lsneers
1. v 10. S1ZE AND TYPE OF BIT NX Core
od f Cave Site . -
. LOCATION (Cosrdinates or Station)
Marion County, FL 12, MANUF ACTLREN'S DESIGNATION OF ORILL
3. ORILLING AGENCY Failing 1500
USAE WES 13. YOTAL NO. OF OVER. Iou"unllu TUNDISTURSED
6. HOLE NO. (Ae shewn on drewing title| SURDEN SAMPLES TAKEN H
o o mambed { E17 (110,9%) : '
S WAME OF GRICLER - 2 14. TOTAL NUMBER CORE BOXES 1
I Rarried 18. ELEVATION GROUND WATER  None
6. DIRECTION OF HOLE {STARTE, !cowu TED
Bivemricae [Jvcuingo _____ OKS. FAOM VERT, '8 DATE noLe l 9/5/’79 : 75/79
17. ELEVATION TOP OF HOLE
[7. THickNESS oF overBurDEN 4 ft
18. TOYAL CORE RECOVERY FOR BORING *
8. OEPTH DAILLED INTO ROCK 9. SIGNATURE OF INJPECTO!
8. TOTAL DEPTH OF HOLE 35.3 ft /0 z .'L(r%
% CORE (pOX OR REMARKS
tLevaTion| oerTy [Leseno A S ATERIALS RECHV- (SAMELE|  (Druting e, aries o, depth ot
] b [3 d . 1 [
0 . Clayey sand, brown C
23 =
. BA clayey_sand,-red-—br_ - —
4] _ ul
: 3 Ls, white, med. hard, -
_“‘. = fossiliferous, clams, -
. 6— snails —
. — =
b - 72 —
N 88— [
10— —
- oyster shells -
3 76 -
12— —
143 _— -
- Chert, br, hard, w/macro. -
- porosity (2-in.) filled -
16— w/white Ls 56 -l
18— —
o - CAVITY 0 =
- —
20— [ — -
= Ls, white, soft, macro- = -4
22 .71 micro fossils -l b
i - ar g
- 66 - o
24 — b—
- g = -
26 —] — T
3 37 — J
28— - — @
=] - -~
] CAVITY 0 -~ . K
30 - - - — 4
3 Ls, white, soft - RSO
— L - -
32— 38 — R
3 — e
34 —1 il ‘ i
= = T
36 — [— o
] - o
3 - .
—] - 1
- -
= C ]
- -
!""c‘:?l.“ 1836 »revious toiTions ans ossoLere. FRosECT ]““ wo. . "’.. 1
(110,95)E1; ——ef
(TRANSLUCENT) .
SRR
-— - v e e v s = = = = == %




Holo Ne.
Vil “TiuSYALLAYION 1“1_1_—
- ORILLING LOG EESGD USAE_WES or 1 sweevs
. 3 ¥ 10. $12€ AND TYPE oF 81t NX Core
- fedford Cave Site - -
.- oo or Stution)
n —heiile S. Re k, FL T
ILLING AGENCY Failing 1500
Fo USAE WES . voufzu:o' N i |0 TN [onsisTURRES
b . € WOLE W5. (e choun an @raming tici] SURDEN SAMPLES TAKEN | H
e o o mmbod i _E18 (225,40) 1
e AR oF BRICCER 14. TOTAL NUNBER CORE BOXES
[« Harried 15. ELEVATION GROUND WATER None 4
- & DmECTION oF WoLE TSVANTED TéowrLavED
P K)venricar [Jiwctingo oue. rmow vany, | & OATE HaLE _{9/2/79 i 9/2/19
. 17. ELEVATION TOP OF HOLE
[7. THICKNESS OF OVERBURDEN 6.4 Fr
18. TOTAL CORE RECOVERY FOR BORING .
5. DEPTH DRILLED INTO ROCK S SIONATURE OF INIFRC
. YovAL DEPTH OF HOLE 328 fr
CLASSIFICATION OF MATERIALS ACORE |BOX OR REMARKS
ELEVATION ol-:n Leaeno| ,....:.,,_, ALCov- ug‘:f.l (Drilting time, arates foss. dopet ol
o 3 L] ']
Y b Sand, dk br, w/clay -
— Silt, rock frags, organics -
2— Sand, lt br, w/clay, -
- S11t, rock frags -
3 -
4 =
3 -
6 —] —
3 - -
= Ls, white, soft, porous -
8 —§ 40 Lost circulation @ 8.6' f—
- CAVITY -
10 — ” Circulation back @ 10.0'}—
3 Clay, br, w/rock frags -
12 — =il
= Ls frags, chert frags, E
" _i w/yellow-br stains ] ol
- Ls, soft, white, v. fossil- -
- iferous, porous 90 -
16 — 4 —
18 _—:' v. soft, large shells :_
- Ls paste 79 -
20 —] —
_: pp— [
22 = Chert, br, hard, w/Ls 36 -
- filled porosity, some == -
= voids, w/crystals water -
26— staining -
p 26 [—
263 =
3 Ls, soft, v. fossilferous, == -
28 é v. porous, large shells il
3 -
= 33 -
30 = l:—
- -
32— —
- =
34 7 —
3 -
3 =
3 -
3 =
- PROJECT —
“ﬁm“ 1836 eaxvious otTions ane ossoLeTs. . |==(=2=2!5=.=6.0)E1 8
(TRANSLUCENT)
J
-4
4
. 3
- - - 4 - - - - - .
- 8 P g T T/
-- ~ .n -." 2 A"h - . Y = Ll';A‘ - e o a s PP WY




) Hole Ne.
~ . I ¥ 1
o DRILLING LOG | EE&GD USAE WES I,, 1 sugers
o 3 T 10. SIZE AND TYPE OF 817 NX Core
. Medford Cave Site - s
‘otrdinates or Station)
Marion County, FL 12, BARU GHATY Y
ILLING AGENCY Failing 1500 J
13. YOTAL NO. OF OVER- |osrunaso T T UNDISTURSED
T NG 40 shown on Grawing "'“3519 (117.5.-5) BUREN SAMSL ES TAKEN | H
N ANE OF DRILLER - 14, TOTY AL CONE BOXES 1
Harried 15, ELEVATION GROUND WATER  None
WOLE [STARTED TcomsLaTED
Xivearicar [Jincuingo O%S. FROM vERY. 6. DATE HoLE 1 8/31/79 i 8/31/79
17. ELEVATION TOP OF WOLE
h. THiICKNESS OF OvERBURDEN 2 ft
18. TOTAL CORE RECOVERY FOR BORING .
n. DEPTH DRILLED INTO ROCK B HGRATUAR OF T T
’ 9. TOTAL DEPTN OF NOLE 33.5 ft L (A n
TR
O ELEVATION] DEPTH |LEcEND CLASIFICATION OF MATERIALS Recov: |e0a% Ruuinns
3 "‘ . A . m...;."d .:' “.n‘:" (Deiiting l-s“-:.l'-:'l:n. dopth of

Sand, v. clayey, gr. br,
w/white phosphatic grains

o
2 g
Ls, white soft S
2
4
6
100

[
[~

o
lllIlllIllllllllllUllllllllllllllj_llllllll_ll

100
1 Massive core loss, no tool
2
drops, but no core recovery| 0
14 V. soft zone or void F-_.
16 °
18—
S Clay, yellow-gray, 8
20__‘ (montmorillonite), small
b= amount recovered
223 - -
Void or filled w/v. soft
24 material
— 0
26—
28 Ls, white, soft, chalky
zone 31.5 to 33.5 ft
30 56

w
N

w
&
lllJ_llllllllllllllllllllllllllllll

"TT”[Ill'[Illl]llll[lllllllIll”llllqulllllfTﬂ|TT|||ll”llllllllllllllTTllllIllllllllllll

ENG FORM 18 34 pagvious eoitions Ane ossoLere. PROJECY

WOLE %O,
MAR 71 (117.5,-5)1
(TRANSLUCENT) . ; T

T gp————p " - - - - - - - - - - . .
e e oA —— - e e e - - ——— e
NS S S  —— - sloeioin i diniaial hadetctnhtninnduiumindubosni —M




S Hele Meo.
—Tovition WSTAL THEEY |
DRILLING LOG l EESGD USAE WES or 1 swegrs

- PROJECY 10. S12E AND TYPE OF BIiY NA LOr€
Medford Cave Site .

[~
. TION (Coerdmates or Station) &
| _Marion County, FL mmmfw—ﬁ ‘
3. ORILLING AGENCY Failing 1500 e ’
USAE WES 3. TOTAL NO. OF OVER. | DISTURBED TUNDISTURSED IR
6. HOLE NO. (As shown an drawing ifele] BURDEN SAMPLES TAKEN | H RSN
o tle mared i E20 (110,0) : I

XX vemricaL [(JincLingo ______ _ oss. FRom veaT. | DATE noLE 1 8/31/79 i 8/31/79

. NAME OF ORILCER 14. TOTAL NUMBER CORE BOXES 1 T
Harried 15. ELEVATION GROUND WATER None L
6. DIRECTION OF MOLE I1STARTED lcowrLETRED LV

]

. ELEVATION TOP OF HOLE

7. THICKNESS OF OvemsuROEN 1.7 f¢

18. TOTAL CORE RECOVERY FOR SORING L3
‘ 9. DEATH DRILLED INTO ROCK 9 SIGNATURE O NEPSCTOR
& 5. TOTAL OEPTH OF HOLE 19.3 ft AI {7
A ?
CLASSIFICATION OF MATERIALS 3 CORE |BOX OR REMARKS
ELevaTion| DEPTH |LEGEND) AECOV- (SAMPLE
t (Description) T S (Deilling time, weter loss, deph of

stc., it signiticand
. » < 4 L] ] Fl o

Orange stains @ 11.0 ft

—
s

e

0 Sand, clayey, dk br to
— yellow br, Ls frags
2] Ls, white, soft to med.
= hard, v. porous, v. fossil
- iferous
4 ——
3
6 —
a—: Chetc, bt hard
pm CAVITY
10— -
= Chert, br, hard, w/large
- open and Ls-filled porosity
12— slight tool drops 43
=

16—

18‘_‘::: CAVITY
20 _i BOH
22

LX)
&

[X)
-

llJllUJllUJll}LHIJLHII“IIHHIUHIUH

rrl—lllllIllllIlllllllllllT[’llll]llllllm]llll]lrrr[”lllIllllﬂTT]ﬂ_ﬂ]lT”lllll]lllllﬂll'llll

(4
!'f::?'”‘ 1836 raevious €oiTions ane omsorLeTE. FROJECT ["("1‘1‘0”6) £20 - ’ ,
(TRANSLUCENT) * e N .

PRI b PP Py . PO Y P - S A - - e m  m A m m_ e am—




Hole Ne.
EIVISIE (] TION ”'IT 1
DRILLING LOG | EE&GD USAE_WES or 1 sweers

. PROJECT 10. SIZE AND YYPE OF BIT .
Medford Cave Site (V1. DATUW FOR ELEVATION l% ﬁib-m

[¥ TION (Caordineres or Statian)

Marion County, FL mon OF ORILL
3. DRILLING AGENCY aili 1500
USAE WES i .
13. TOTAL NO. OF OVER- OISTURSED i UNCISTURBED
4. HOLE NO. (Aa ahown an drawing fitfe] SURDEN SAMPLES TAKEN t i
st file rumb ey §521 (57_5‘_4) T
S WANE OF DATCCER 14. TOTAL NUMBER CORE BOXES
Harried 15. ELEVATION GROUND WATER None
6. DIRECTION OF WOLE {aTanvEOD jcomrLETRD

o OEG. FROM vERT. 16. DATE noLE 1. 9/3/79 i 9/4/79

17. ELEVATION TOP OF HOLE

@ venvicar [JincLineo

7. THICKNESS OF OVERBURDEN 2.2 ft

18. TOTAL CORE RECOVERY FOR SORING L3
jo. DEPTH DRILLED INTO ROCK 3 SICNATUREOF INShECT
. YOTAL DEPTN OF HOLE 19 fr = 42 W
CLASSIFICATION OF s % CORE [BOX OR REMARKS
ELEVATION| DEPTH |LEGEND| Doacrpitan A RECOV- [SAMPLE (n,‘,.y_'.‘::.z.‘.',:;h'.‘.;",.’.,
[ » [ 4 £} ] ]
0 = Clayey sand, dk br
2—] Clay, sl. sandy, gr-br,stiff u
— 20
— Ls, white, med. hard 2
4
3 corals, clams, hard
p nodules
86— 48
1 — e
12 CAVITY 0
Ls, white, soft, clams,
14 snails 19

[~
e
-
-
-
— —
— —
3 -
- pe
— nl
= -
16— [~
- CAVITY -
18— Ls =i
pr — 7 E
- e
20__: . CAVITY —
p= Ls -
22— —_— —
E S
24— CAVITY -0 l
3 w/gr-br clay - 1
3 '_Ls. v. soft - - - ;
2673 - 1
= stringers of med. hard oy .
- Ls, w/gr-br clay in voids - o
28— — @
3 - - e ot
30— 0 — -
32— — -]
= - ~ i
34— 50 — @
- Seam with br. clay 35.5 to o -—
3 36.0 fe L~~~ - '
36 [
- 84 -
b poe
38—: .
3 E
40 "] P~ ) )
ENG FORM 1836  mmevious eormions ane ossorere. FROsECY [Rore wo. @
7.5,-4) E. ———
(TRANILUCENT) (57.5, .
J
4
1




Hole Ne. _
I Wln___ﬁsun.un )
DRILLING LOG | Georechnicel Lab YES l°’ 1 swievs
i 1. SIZE AND TYPE OF MY 4 cCOTC
. -
- AwUF ACTURER'S BISCNATION 67 DAL~ -
Failine 1500
A 13. TOTAL #0. OF OVER- lunvu-un I UNDIBTUABED
- BURDEN SAMPLES TAKEW | —— e
s 52, - 17.5
6. TOTAL COREL Boxts l
. 15. ELEVATION GROUND WATER none
OINECTION OF HOLE . DATE NOLE TSVARTED | comPLETED
E]vlnnen. (e (LN 1) O%6. FAOM VERT. 1 1] 111 Jyna £
17. ELEVATION TOP OF NOLE
[7. THICKNESS OF OVERSURDEN 5.5
5. YOTAL CORE RECOVERY FOR BORING 12 LY
ls. DEPTH DRILLED INTO ROCK 17.5 f= X TSUNK o7 SRRET -
s. TOTAL CEPTH OF HOLE a0 e ; /\/z'(' e
CLASSIFICATION OF WATERIALS 2 CORE |8ox on REMARKS
sLevaTion] DE €GEND
evamion] oeemu |Leceno] A O o B P T ¥
. (3 4 . ] [y
U
3 sand, silty, black, grading | no flight auger to 5.2 <¢t; =
- into grey clay with 1ls semple to of limestone at -
— nodules 2.5 ft; is very soft —
= FLs, white, very soft, Run’l could have probably ~
—~ fossiliferous, scattered 337 Box sugered to 20 ft =
107 -
= chert fragments Run 4 1 -
S 5% -
20— :
3 -
- -
o =
— p—
3 -
—] -
— s
3 -
— =
e -
= E
- —
- -
— —
p -
-— b
— [
3 -
3 E
) :
- -
3 -
a = 3
— —
= - 2 'j
ENG FORM 18 36 sncvious coitious ant omsovere. paoseCY . | g ‘@
TRANSLUCEYT) iord ve Site S~ if.y -
Y
- - - - - - - - -
—— e ——— ot e e e o et e e e ——— et e o e e e o 4 et}
'y A (9 3 s ‘A‘ - a Py




HeloMe. 1°9. €9

17 [ 13 LA 1
ORLLINGLOG ... ccrnicy 1mb s o) snesme
N -
5. VANUFACTURRW'S OEbiGN [wy
Fajling 1500
3. YOTAL . OF OVER. l-‘M.I. | ungtsTUneLEe
SURDEN €8 Taxen | _— I
18. YOV AL NUNGER CORE BOXES 3
Herbert Owens 15. ELEVATION SROUND BATER none
DIRECTION OF HOLE 16. DATE HOLE {svanvo TcousLaven
Elvenvicar [Jincrinzo oge. rmom vent. | lo rune 80 i 10 June B3
= 17. ELEVATION YOP OF HOLE
. THickuEss o oversuroEw 3.0 It
18. YOTAL CORE AECOVERY ¥OR soane 38 [
s.. OEPTH OAILLED INTO ROCK 23.6 ft F S SioNATURE OF ¢ cTon;
5. YOTAL OEPTH OF HOLE 56 € o [ ¢ Eg P { 2.
sLevarion| ogerr jLeceno CLASSIFICATION OF NATERIALS OV [EEN] oo byeiely
pttan) ling stma, woler losa, dugth of
o {t‘ . . l:' H'O- woathoring, n;'. 11 significant
- sand, silty black, grading no flight auger to 4.2 ft, |-
:\ into grey clay with 1s nodulessml! top of rock at 3.0 ft ~
- [Ls, white to pink, hard, Run 1 —
- fossiliferous, scattered 100% —
3 chert b ] o o
10 — * —
- Ls, soft below 8.2 fi; very % 1 =
- soft zone from 13.5 ft to Run 3 lost most of water -
] 17.0 ft with tan water retury return at 130 ft .
- 5% -
20 — Run b il
p u1% -
h - ndl
) - -
L 30— —
- -
- -
— e
j— o
3 =
= —
—— ——
- -
3 -
- -
-] —
— -
- -
- =
e e
3 =
— e
o p—
—] —
— P
— -
- =
- - —
™ - =
3 3 =N
- -
— e
B — e
' E 3
. - —
,:_- : -
o~ > [
- — -
p -
- -
3 -
— ==
- -
~ -
o -
— —
3 -
ENG FORM PROIEC WOLT WO.
wan s 1836 racvious roirions ans oosoigra. it e e Cle 130, 60
(TPANTUCENT)
- - - - - - - - -




sl

T

Hele Ne. AR, U5

CivIsion TWSTALLAVION HECT |
3 DRILLING LOG sotechnicnl Iab e oF 1 sweevs
e 0JECY 10. 31ZC AND TYPE OF MY 2" ~rn
b, . . Caye S{ " -
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- ) s . . s Failing 1500
);_ i Mobile District Corps of Inrineers 13. TOTAL NO. OF OVER. | OSTURSEO UNGISTURSED
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£+ (Osscription ery NO. aaitbring, ateor 1t mmu':d
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3. DRILLING AGENCY

10, SIZE AND TYPE OF BIT M (v hnErnl
" u WOWN -

12 WANUFACTURER'S OESIGNATION OF DAILL
Failing 1500

4. MOLE NO. (Ag shown en drawing ©
ared lile manbos

lerbert Owens

Is. NAME or:n:mu.:a
B

6. DIRECTION OF HOLE
C3vearica. [)incuineD

Hobile District Corps of Engineers T3, TOTAL WO, OF OVER. oS TURGED TUNDISTURSRD
SURDEN SAMPLES TAKEN | . H
165, 95 4. TOTAL NUMBER CORE BOXES 1
5. ELEVATION GROUND WATER  none
15. DATE MOLE i.'l.flﬂ !Cwl.l'lﬂ
©LS. PAOM VERT. 110 June 80 i 10 June 80

7. TMICKNESS OF OVERBURDEN 9.0 ft

17. ELEVATION TOP OF NOLE

P AP T T

18. TOTAL CORE RECOVERY FOR BORING 10 *
5. DEPTH ORILLED INTO ROCK 16.0 ft . SIGPASYRE OF INTPECTIR
s. vovaL oerTH oF wOLE ot 8 ft v ) 1/47?’;::_,
CLASSIFICATION OF MATERIALS L pox on REMARKS
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T BRILLING AGEWCY -
Mobile Dictriet Cor f Fneineers TR T N LT T L T
s WO. (Ae shouwn on ....2 thle < Y1 JOROEN SARLTS Thnan !."w'.. ! unmsTURSES
and Mo numbed - : —
L - core 14. TOYAL NUMSER CORE 8OXES 3
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17. ELEVATION TOP OF HOLE —
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e oo e nes 511 (v XTI T LR
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03 o, [[xY
Failing 1500
NO. (As shown o drawing fieTe] Rt 430~ 2y T LT !mw-'” ' ynoieToRsen
ond o mmbed ! 1 i
iCl (162,153)
18. YOV AL CONE BOXES 3

15. ELEVATION SROUND WATER

jevanrTeD IC“LIV.D

. DATE HOL H
KYveavicar [vcLingo __________ OEG. FROM VEAY. . | H

17. ELEVATION TOP OF WOLE 159.5 ft

[7. THICRNESS OF OVERBURDEN

-

15. TOTAL CORE RECOVERY FOR BORING b
8. OEPTH DAILLED TO ROCK . SGRATURE BF NIPECT
9. TOTAL DEPTH OF NOLE 60.2 ft EL 4
CLASHIFICATION OF NMATERIALS acone [m on NEMARKS
tLevaTion| ow 26ENOD REC
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Fl 12. MANUFACTURER'S DESIGNATY: L
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13. TOTAL NO. OF OVER-
BURDEN SAMPLES TAKEN

ROLE NG SIETURSED TuNDIsSTURBED
3 . (As shoum on drawing title H
snd Mo mambesd

!
iCl (162,153)

14. TOTAL NUMBER CORE BOXES
15. ZLEVATION GROUND WATER

|sTARTEO |comrLETRD
18. DATE HOLE :
gvllﬂelh Omeviwgo ____________ OE6. #AOM VERT. H
17. ELEVATION TOP OF HOLE

18. TOT AL CORE RECOVERY FOR BORING <
19. SIGNATURE OF INSPECTOR

[v. THICKNESS OF OVERBURDEN
. DEPTH DRILLED INTO ROCK

9. voraL cEmTH oF woLe  60.2

CLASSIFICATION OF MATERIALS 3 CORE |eox on REMARKS
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re ﬁ\.:'::-(:bw-n on drawing uu-lé €2 (92,77.5) BUADEN SAMPLE: KEN H
. W ANE OF DRILLER . 14. TOTAL HUMBER CORE BOXES 3
b Stewart 15. ELEVATION GROUND WATER  None
& 6. INECTION OF HOLE 16. DATE HOLE IsvanvED lcomrLaren
Xvemricar [Chinciinto _____________ ONG. FROM VERT. : :
17. ELEVATION TOP OF woLe 156.7 ft
. THicknESS o overBuROEN
18. TOTAL CORE RECOVERY FOR BORING [y
s. cEPTH DRILLED INTO ROCK B SICUATURE OF INSPRCTO
9. TOTAL DEPTH OF WOLE  60.2 ft n ZL /il.(-w/l
X OR REMARKS
wLevaTION| DEPTH [LEGEND A I ot | | ERIALS n:cov- sAu-L: (Byilling thme, water lons, durth ot
. £rb e 4 . ¥ .
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3 organics -
2] il
— -
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6— =
3 80 [~
8—1 v =
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— seam at 10.0 ft -
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- E—— E
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3 — L
24— — RN
26 — — - -
6 = v. large fossils - N ;
3 9% [ -
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14. TOTAL CORE BOXES
15, ELEVATION GAOUND WATER
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17, ELEVATION TOP OF NOLE
[7. THICKNESS OF OVERBURDEN
18. TOT AL CORE RECOVERY FOR BDORING L3
8. DEPTH DRILLED INTO ROCK . SIGNATURE OF INSPECTOR
s. ToTAL DEPTH OF HOLE
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. - Medford Cave Site - W -
‘2 . L TION (Cosrdinates or Station)
Marion County, FL 72. MANUF ACYURER'S DESIGNATION OF ORIL
S ORILLING AGENCY i
USnE Wes® Failing 1500 _
2, - . roxal.‘eil?:;%!‘f.ixln ! ISTURSED H UNDISTURBED
A.ﬁt.:u'w.( ."--‘.'..mm“é c3 (115.5.80) sV s i H
o WAWE OF ORILLER . 14. TOTAL NUMBER CORE BOXES 3
Stewart 15. ELEVATION GROUND WATEN None
6. DIRECTION OF HOLE TSTARTED JcomPLETED
Kvenricaw C)NchingD _______ ©Re. #1 OM VEAT. 16. DATE HoLE | 8/9/719 i 8/9/79
17. ELEVATION TOP OF HOLE 157.2 ft
7. THICKNESS OF OVERBURDEN
18. TOTAL CORE RECOVERY FOR BORING L
8. DEPTH DRILLED INTO ROCK 9. SIGNATURE OF (NSPECTOR
s. ToTAL OEPTH OF HOLE 61.7 ft '3 @»(ECQQ,\
CLASSIFICATION OF MATERIALS % cone [wox on REMARKS
ELEVATION| DEPTH | LEGENKD o (Doncriprian 1 u:tgo'v- sA:;L: (Deilting a.g.::-"m dogth of
- » ¢ 4 . [ . T °
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12, WANUPACTUNER'S DESIGNATION OF DRILL

13, TOTAL NO. OF OVER- | DIsTURBEOD : UNDISTURBED
4. NOLE NO. (Ao shoun en drawing mu! BURDEN SAMPLES TAKENM ! H
fife ranb e i €3 (115.5,80) :
14, TOTAL CORE BOXES
18, ELEVATION GROUND WATER

feTantTEO | cowrLEY D
18. DATE HOLE H
DEE. FAOM VERT. :
17. ELEVATION TOP OF HOLE

18. TOTAL CORE RECOVERY FOR BORING %
19. SIGNATURE OF INSPECTOR

CJvenTicaL [JincLingo

7. THICKNESS OF OVERBURDEN
8. OEPTH DRILLED INTO ROCK

9. TOTAL DEFTH OF HOLE

CLASSIFICATION OF MATERIALS 5 CORE | 80X OR REMARKS
ELEVATION| DEPTH [LEGEND) D RECOV- |SAMPLE |  (Drifling time, water iose, dopth of
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Marion County, FL 12. MANUFACTUREN'S DESIGNATION OF DRILL | -
> USAE WES™ e Failing 1500 ®
s u-.:':o. (Ae shown on drawing tile] B LOROEN AL TS Tanen !“'W"“ unersTURRED
o WAME OF OATLLER €5 (133.6,77.5) 14. TOTAL CONE BOXES 3 4
Stewart 15. ELEVATION GROUND WATER None
8. CIRECTION OF WOLE . t9TART D lcomPLETED J
Xvenrica. [Jiwcuineo ote. rmou vany, | "4 OATE HOLE 18/10/79 i 8/10/79 4
17. ELEVATION TOP OF NOLE
. THiCKnESS OF OversunDEN 2.2 fr 7
= 18. TOTAL CORE RECOVERY FOR BORING % -—
8. OEPTH DAILLED INTO AOCK S SOWATURE OF NIPTCTOR ® -
9. TOTAL DEPTH OF HOLE L B ‘z Z % . 1
CLASSIFICATION OF WATERIALS asone fsox on NEWARKS ‘
ELEVATION| OEPTH |LEGEND| RECOV- [SAMPLE D, -
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- o = =y F
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SLEVATION| DEPTH [LEcEND] (Deseription) RECOw- “z\-l (Dritting time, .-':-l-":»- dopth of
[ s < 4 - ) . A
423 — R
—— 90 - . - ‘4
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3 v. soft - S _,'
3 - Y -
— = -~
50—_ - — r ,
— E . Tl
32— 90 —
= V. porous, some orange E
54— staining .
56—1 .:_
- -
E 2
38— CAVITY s =3
e Ls, white, soft, w/orange E
5 60— staining - [—
— —
62— ol
- — -
& = =
2 = —
: 3 -
S -~
[ 3 =
3 =
Z ] 3 =
3] E
- ?_ —
L — b
.- o -
f’. * - I~
a =
e 3 —
e 3 -
— o
>__',: o : o
b, - - AT
bl pr—— -
.~ -3 - .
u - - A 4— .
u&m" 1834 snevious eostions ane ossorere. < l . "‘ B
(TRANSLUCEND 133.6,77.5)CS oy
.4
.4
RIS
- -
- - - - - - - .
- A . .F'J
- R PP . - d




° [ 4

Hels Ne.
vie M
DRILLING LOG I EE&GD USAE WES or2 sueevs

X i 1. S12E AN0 Tver oF iy NX Core

Medford Cave Site - -

eordinates ar Station)

Marion Countv, FL 12 UANUFACTURER'S OCBIGNATT %Y
3 ORILLING AGENCY Fatling 1500

USAE _WES 13. TOTAL MO. OF OVEAR- JoisTuneEo TUNDISTURSED
& HOLE NO. (Ae shoun en drewing Hiile] SURDEN SAWSLES TAKEN | H

ot Ml mambes) {9 (110,113.3) :
S WANE OF DAILLER 18, TOVAL CORE BCGKES 3

Stewart 15. ELEVATION GAOUND WATER
6. DIRECTION OF MOLE {sTARTED ’¢W|.l\‘lﬂ

Evenrican [Jnvcringd Of6. PROM vEAT, 8. 0ATE woLR 18/10/79 : 8/10/79

17. ELEVATION TOP OF HOLE
b. THicxugss oF ovEnsurDER 4.4 ft
15. TOTAL CONE RECOVERY FOR BORING Ly

o. DEPTM ORILLED INTO MOCK B SGHATURE 07 mRPEET,
Is. ToTaL DEPYH OF OLE 60.0 ft N A il A
RLEVATION] DEPTH [LEGEND Ay T ERIALS Aecov: ::?:‘;?..c (Driting time mates o

lose, dopth of
ring, otc.. if eignilicont)
! s

Sand, dk br, organics

l”lllll]rrﬂ[llnl”l_l_rllllllTll]llllllllllllll[llll'llll'll”lIIIIITIII

»
2]
4 —
- LS, white, med. hard calcite B
6 — crystals on fracture @
= 6.0 ft
- 100
8
10 — S
E
12 -
3 90
3
14-1_ soft
e Chert, br, hard w/large
16_:‘ Ls-filled porosity
18——: 20
E
20 —§ I
=
22 3 15
24 —
26 —] Ls, white, soft
8 —': v. soft 50
30 j CAVITY
32 - Ls, br, v. soft
4 w/clay 40
1% _::‘ white, soft
: b
36 — Sand, lt. br, w/xhell~
= frags 20
38 -]
- Ls, white, soft
ENG FORM 18 35 snevious coiTions ane ossoLsTe. FRostCY —[=3=! o
ITRANSLUCERNT) (110,113,

'llll'lllllIITl'rrr[[]ﬂlr[

-

)




Hole Me.
VI w!l'
DRILLING LOG I EE&CD USAE WES l.,.z uuztn
T 10. NZE AND TYPE OF BIT
Medford Cave Site T BAYUR POR LRVAYION SOV T e W ]
¥ eardinates or Station)
3 DAILLING AGENCY 12, MANUFACTURER'S DEMINATY L
1. YOTAL HO. OF OVER- oisTURS LD F UNOISTURBED
. HOLE NO. (As shoun an drewing title] SUROEN ?A-n.n nunx H
ond tle mamb ey {c9 (110,113.3) :
N AWE OF DRILLER 14. TOTAL NUMBER CONE BOXES
18. ELEVATION GROUMND WATER
6. DIRECTION OF HOLE isTanvEO | comrrLEY RD
[CJvearican [C)inciineo oRe. rmou vany. | & OATE HOLE H
. THICKNESS OF OVERBURDEN 17. SLEVATION TOP OF MoLE
TP ———— 15. TOT AL CONE RECOVERY FOR BORING LY
b. bl 19. SIGNATURE OF INSPECTOR
. TOTAL OEPTH OF HOLE
aevation] oeeru |Leceno CLASSIFICATION OF NATERIALS bl iRy REWARKS
e s v WO [Mhett | Cumn T A
€ d » 1 '
- Ls, white, soft to hard -
— N
- v. fossiliferous —
42— —
273 50 =
44— p
- —
— Ls paste —
- I— ;:
46— brownish zone -l
- -
ésj 20 wull
50— p— —
—] yellow stains -
52— 70 =
pn -
56_7] =
56™ .
3 -
100 -
58— =
o - 3
- -
3 =
- p
3 =
s -
3 =
— =l
E -
= —
—] -
3 ~
3 -
_: E_
3
EHG FORM 18 36 sraviovs soimions ane omsorere. FaosecY
(TRANSLUCENT) (110,113, 3)cy
-




In accordance with letter from DAEN-RDC, DAEN-ASI dated
22 July 1977, Subject: Facsimile Catalog Cards for
Laboratory Technical Publications, a facsimile catalog

;ard in Library of Congress MARC format is reproduced
elow.

Butler, Dwain K.

Cavity detection and delineatjon research : Report 1 :
Microgravimetric and magnetic surveys : Medford Cave
Site, Florida / by Dwain K. Butler (Geotechnical
Laboratory, U.S. Army Engineer Waterways Experiment
Station). -- Vicksburg, Miss. : The Station ; Springfield,
Va. : available from NTIS, 1983.

136 p. in various pagings : ill. ; 27 cm. -- (Technical
report ; GL-83-1, Report 1)

Cover title.

"“"March 1983."

"Prepared for Office, Chief of Engineers, U.S. Army
under CWIS Work Unit No. 31150."

Bibliography: p. 91-92.

1. Caves (Florida). 2. Geophysical research.
3. Gravimeter (Geophysical instrument). 4. Medford
Cave (Fla.) I. United States. Army. Corps of Engineers.

Butler, Dwain K.
Cavity detection and delineation research : ... 1983.
(Card 2)

Office of the Chief of Engineers. II. U.S. Army
Engineer Waterways Experiment Station. Geotechnical
Laboratory. III. Title IV. Series: Technical report
(U.S. Army Engineer Waterways Experiment Station) ;
GL-83-1, Report 1.

TA7.W34 no.GL-83-1 Report 1




FILMED
3-83

DTIC




